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If the present trend continues, Iowa's connnercial grape production 
will be lost with adverse effects upon localities where grapes are grown 
and to a lesser degree upon the economy of the state as a whole. The situ-
ation is one of declining acreage and yield pervading most of the North Cen-
tral region of small fruit production. 
Within the North Central region, a group of 13 states, Michigan alone 
has substantially increased its grape acreage since 1945. Alaska and the 
Dakotas have no commercial production, Wisconsin has approximately 50 acres, 
and Nebraska about 60 acres. Loss of acreage in grapes has been drastic in 
Illinois, Iowa, Minnesota and Kansas, the leading corn-growing states. 
Indiana, Ohio and Missouri have experienced lesser reductions (5). 
Of the several causes, the extensive use of 2,4-D herbicides seems by 
far the most important. Most damage has resulted from the spraying of corn-
fields, roadsides, railways and public utilities areas near vineyards. 
Especially when high-volatile esters are used the vapor and minute droplets 
of spray mixture (spray drift) contaminate the atmosphere and are carried 
long distances to vineyards. Injury to grapevines is manifested as foliar 
deformation, uneven ripening, delayed maturity, reduced yield and lowered 
sugar content. 
Iowa's connnercial vineyards are located almost entirely in Harrison 
and Mills Counties, and in the west half of Pottawattamie County near Coun-
cil Bluffs. In 1948, prior to heavy use of 2,4-D, 3200 acres of vineyards 
in the Pottawattamie County area produced 2,000,000 pounds of grapes. Com-
mercial distribut.ion of 2,4-D began in 1945. It was first widely used in 
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corn in 1949. In that year 1,901,076 pounds of grapes were harvested. By 
1966 the harvest was down to 129,000 pounds from less than 700 acres. At 
present only 500 to 600 acres of grapes remain. Obviously, low yields and 
poor quality have forced many growers out of business. At Council Bluffs 
growers operate a winery for processing home-grown grapes into Old Council, 
Betty Ann and several other wines. Also marketed is Bluebird grape juice. 
At present grape juice from California is used in wine blending. 
Besides the small remaining acreage in commercial vineyards there are 
a few small plantings of market garden grapes in Iowa. Included are approx-
imately 10, 15, 15 and 5 acres, respectively, at Fort Madison, Davenport, 
Cedar Rapids and Dubuque, 10 to 15 acres near Des Moines and about 20 acres 
in the Amana Colonies. Over 90% of Iowa's grapes are of the Concord 
variety. Grapevines anywhere in the state can be expected to show 2,4-D 
symptoms. It has caused the loss of some vines in home gardens. 
Injury to other categories of horticultural plants -- nursery stock 
(trees and shrubs), garden flowers and vegetables -- has been widely ob-
served. Redbud, roses, tomatoes, beans, peppers, melons and zinnias appear 
to be some of those most readily affected. 
Air pollution by herbicides is one of the less controversial facets of 
the pesticide problem because the harmful effects of 2,4-D on valuable 
plants are clearly visible and are measureable in terms of loss of yield 
and quality of crop. Iowa grape and tomato growers have long sought to 
minimize the problem through such means as state regulation of 2,4-D use, 
agreements with its users not to spray areas near vineyards, and advertis-
ing to discourage use of high-volatile forms of 2,4-D. Even chemical treat-
ment has been considered as a partial solution. 
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Studies have shown that plants can be protected in varying degrees 
from 2,4-D injury by foliar treatment with certain chemicals. Notable 
among these are ferrous salts and iron chelates. Soybeans, snapbeans, 
wheat, barley, buckwheat, sugar beets and some other crop~ have responded 
favorably to such treatment. From this it seemed almost imperative that 
the technique be tested on Concord grape. 
Accordingly, greenhouse and field experiments were conducted using 
ferrous sulfate and three iron chelates as additives in conjunction with 
exposure of plants to the ambient atmosphere as well as butyl ester and 
dimethylamine salt formulations of 2,4-D applied experimentally. Yields, 
percentages of ripe fruit at harvest, time and rate of ripening, total sol-
uble solids and general condition of plants were evaluated. 
Objectives were to determine to what degree chemical treatment would 
prevent 2,4-D injury using: 1) ferrous and ferric iron additives, 2) salts 
and chelates of iron, 3) high, intermediate and low levels of additives, 
4) two methods of exposure of plants to herbicides, 5) volatile and non-
volatile formulations, 6) agricultural and experimental sources of herbi-
cidal contamination, 7) ferrous sulfate applied before, simultaneously with 
and after 2,4-D, 8) successive applications of ferrous sulfate, 9) young 
and mature plants and 10) plants severely injured, moderately injured and 
uninjured by 2,4-D prior to these experiments. 
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REVIEW OF LITERATURE 
Chemically the 2,4-D herbicides include the phenoxy acid and its de-
rivatives formed by replacement of the acidic hydrogen of the acid molecule. 
Physiologically they are highly active growth regulators of the auxin group. 
History of 2,4-D 
The history of the synthesis, development and testing of 2,4-D (2,4-
dichlorophenoxyacetic acid) prior to its first commercial distribution in 
1945 has been summarized in the literature (3, 10, 22, 25). Scholz (17) 
and Cole (3) have reviewed its early use as a herbicide and the discovery 
of its harmful effects upon grape. Physiological changes caused by 2,4-D 
within plants have been reported by numerous investigators and this work 
has been reviewed by Cole (3) and Swanson (22). 
Symptoms of 2,4-D Injury 
Trials have shown that low levels of the auxin are stimulatory and 
beneficial to some plants. When concentration is increased a threshold is 
reached above which it becomes injurious. For such a sensitive species as 
grape beneficial concentrations if they exist would be very low, probably 
much less than 1 ppb. All rates of 2,4-D tested on grape have been dele-
terious. 
Injury to the Concord grape (Vitis labrusca L.) varies with a number 
of factors including the herbicide formulation and mode of application as 
shown by the findings of Clore and Bruns (2), Scholz (17), Cole (3) and 
Swanson (22). 
Clore and Bruns applied the acid and Scholz the triethylamine salt of 
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2,4-D, nonvolatile formulations, to individual leaves of one-year-old 
greenhouse plants and mature field vines (before anthesis), respectively. 
Symptoms reported (2) were wavy bending and hanging of petioles, and wilt-
ing, twisting, rolling, wrinkling and dwarfing of leaves with some becoming 
fan-shaped. Leaf veins elongated and/or anastomosed or developed chlorosis. 
Besides deformation, stunting and curling of young leaves Scholz noted 
swelling of internodes and loosening of tendril attachments. Shoot tips 
curled while becoming brittle and necrotic. Cluster stalks yellowed, 
stamens malformed and calyptras died. 
Effects on mature Concord grapevines of experimental exposure to the 
high-volatile butyl ester of 2,4-D were investigated by Cole (3) and Swan-
son (22). In Cole's field study exposure was continuous and the ester va-
porized from a central source. Distribution was affected by diffusion and 
natural air movement. Swanson's vines were enclosed in polyethylene houses 
and the ester was atomized into a~r moved by blowers. Ambient 2,4-D was 
filtered out as air entered the houses. Exposure was limited to weekly 
six-hour periods. Symptoms in the two studies were qualitatively . similar. 
The shoots were stunted and deformed with tips curled. Diverse leaf deform-
ities -- tubiform leaves, fan- and strap-like forms, dwarfing, rolling and 
cupping -- developed. Finger-like projections of veins, vein clearing, and 
puckering of surfaces occurred. 
The same symptoms are connnon in vineyards since much of the atmospher-
ic contaminant is the butyl ester. Also associated with 2,4-D injury 
according to Cole and Scholz are spindly cane growth, excessive branching, 
reduced fruit set, second-set clusters and impaired winter hardiness (3, 17). 
On other sensitive crop plants 2,4-D caused such foliar contortions as 
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curled stems of buckwheat (29, 32), rolling of tomato leaves (3, 16, 22) 
and epinasty of shoots (3, 13, 22). It depressed growth and/or yields of 
soybeans (23), field beans (6, 13, 14) and sugar beets (29, 31, 32). It 
has been reported (14) that 2,4-D delayed and prolonged flowering, resulted 
in fewer pods per plant, diminished bean size and delayed maturity of field 
beans. The butyl ester caused parthenocarpy in tomato fruits (22). At 
higher concentrations 2,4-D has reduced growth and/or yields of such toler-
ant crops as wheat (18, 29, 31), barley (18, 29) and oats (29, 32) and it 
deformed the heads of wheat (29). 
Prevention of 2,4-D Injury 
The most effective way to prevent these forms of injury would be re-
placement of 2,4-D with other herbicides. There is a slow trend in this 
direction. It seems certain that without the many alternative herbicides 
of more recent development now in use, much more 2,4-D would be used. The 
lower cost of 2,4-D herbicides encourages their continued use. Otherwise, 
alternative herbicides could in time replace them. 
State regulation of 2,4-D use could be an effective device but this 
must be on a statewide basis. A regional ban was imposed in 1964 on five 
counties where most of Iowa's grapes are grown (Muscatine, Lee, Harrison, 
Mills and the west half of Pottawattamie) under the provisions of the Iowa 
Pesticide Control Act (9) which became effective that year. Only high-
volatile forms were banned. The grape harvest from vineyards at Council 
Bluffs in 1964 was more than double that of 1963 and much credit was given 
to the ban. But the benefits were of short duration; in subsequent years 
the problem of late, uneven ripening has persisted, yield and quality have 
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been low and acreage has continued to decline. Efforts of grape and tomato 
growers to achieve a statewide ban on high-volatile formulations have been 
unsuccessful. The high-volatile esters are most economical to use. Since 
Iowa's agricultural economy is predominantly agronomic rather than horti-
cultural it is difficult for fruit growers to protect their interests. In 
Michigan by contrast less 2,4-D is needed because less corn is grown and it 
has been possible to impose restrictions which have done much to improve 
the herbicide situation in grape-growing areas. 
Assuming that widespread use of 2,4-D wi11 continue in the foreseeable 
future, vaporization and spray drift can be minimized by observance of pre-
cautionary measures. Klingman (10) and the United States Department of Ag-
riculture (25) have presented detailed information on formulations, 
methods of application and other aspects of herbicide technology and have 
given guidelines for using 2,4-D safely. Some precautions are recommended 
also by Swanson (22). Especially important in this regard is the use of 
nonvolatile (sodium, ammonium and amine salts and the acid) rather than low-
volatile (isooctyl and butoxyethyl esters) or high-volatile (methyl, ethyl, 
isopropyl and butyl esters) formu l ations. Use of nonvolatile forms does 
not preclude the need for caution in spraying. Any herbicide can cause 
damage as spray drift. 
Chemical treatment alone is not likely to save Iowa's grape industry 
but in conjunction with minimized air pollution it could be a useful tech-
nique. Observations by a grower in the Council Bluffs vicinity support 
this. He applied a commercial preparation containing iron and copper to 
his vineyard. His crop was the best in the area. The foliage was a 
healthy bright green, ripening was not delayed, the problem of uneven 
8 
ripening was avoided and quality was excellent. 
Modification of 2,4-D Effects by Additives 
Ferrous sulfate has been tested with 2,4-D at Ames on soybeans (1963) 
and grape (1964). Two soybean trials of FeS04 at 0, 300 and 1000 ppm iron 
with the dimethylamine salt of 2,4-D at O, 5, 10, 30 and 100 ppm generally 
confirmed the protective action of iron additives against 2,4-D injury. In 
another test 1000 ppm 2,4-D amine alone caused the stems to flatten on the 
ground although a partial crop was produced. When 1000 ppm iron as ferrous 
sulfate was used with the herbicide the appearance and yield of the plants 
1 were nearly normal. Two dozen two-year-old potted plants of Concord grape 
in the six-leaf stage were sprayed with butyl ester of 2,4-D followed by 
F SO B · f h 1 d i h ·d f · 2 e 4 • rowning o s oots resu te w t no evi ence o protection. 
The discovery of the protective action of some substances against 
2,4-D is obscure. Only a few reports appear in the literature regarding 
their effects on crop plants. General reviews of the subject have been 
published recently (27, 33). 
The earliest work was that by Sexsmith (18) and Wort (29, 32) initi-
ated in 1951. Their objectives were to increase yields and to protect 
plants such as corn and wheat from injury by 2,4-D used in these crops for 
weed control (29). In his initial studies (29, 32) Wort used spring wheat, 
barley and oats in field trials of macro- and micronutrient sprays with 
1Anderson, I. C., Agronomy Department, Iowa State University, Ames, 
Iowa. Data from ferrous sulfate tests on soybeans. Private corranunication. 
1967. 
2nenisen, E. L., Horticulture Department, Iowa State University, Ames, 
Iowa. Data from ferrous sulfate test on grape. Private connnunication. 1967. 
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and without the herbicide. An amine formulation at 1000 ppm alone or with 
most nutrients damaged the plants and depressed yields. But with iron it 
controlled weeds with much less crop damage and no yield loss. In the 
greenhouse he applied 100, 500 and 1000 ppm of the amine alone and with 
1500 ppm iron as FeS04 to one-month-old potted buckwheat. The additive pro-
vided substantial to nearly complete protection. 
Some nutrient additives, primarily anunonium salts, nitrates, phos-
' phates and urea, alter the herbicide's effectiveness in a manner opposite 
that of the metallic salts, i.e., they enhance its potency (18, 23, 24, 29, 
32). Sexsmith (18) demonstrated the superior control of Russian thistle re-
sulting from additions of ammonium phosphate and urea (less effective) to 
2,4-D amine sprays. Additions of metallic salts reduced the effectiveness 
of the herbicide except when the solution also contained ammonium phosphate. 
His findings supported those of Wort (29, 32) indicating that its herbi-
cidal action can be modified by addition of inorganic salts or certain 
nitrogenous compounds to the spray solutions. 
Wort (29) tested acid, ester and amide formulations on other plant 
species. He found that iron additives gave most protection against the 
acid and least against the ester. As the concentration of herbicide in the 
spray increased from 50 to 2000 ppm, iron protection decreased. Ferrous 
sulfate, ferric citrate or ferrous sulfate plus citric acid gave closely 
similar results. Of 100, 500, 1500 and 2000 ppm levels of iron, 1500 ppm 
was best. The additive could as well be applied before or after 2,4-D or 
in the same spray. Buckwheat response showed protection varying from 
slight to complete depending on the concentration of 2,4-D. All herbicide 
solutions with or without iron injured flax and spring wheat but additives 
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diminished this injury. 
Wort (31) conducted further tests involving sequential treatments us-
ing the same species and additives. Acid, amine and ester formulations 
were applied at rates of 50 to 1000 ppm. Levels of iron ranged from 50 to 
2000 ppm. The additives were applied 15 minutes to three days before, 15 
minutes to one day after, and with the herbicides. The plants were treated 
three times at approximately weekly intervals beginning at the 3-inch 
height. Protection against the ester was less than against the acid or 
amine. In this case, when lessened injury was observed protection was 
greater if iron preceded or was mixed with the herbicide sprays. Buckwheat 
and flax responded as before. Additives of iron failed to offset reduction 
of wheat yields by 100 ppm or more of the acid applied at head emergence 
but they were effective at the two- or three-leaf stage. 
Solutions of 1000 ppm 2,4-D amine alone, combined with 1500 ppm iron, 
and 1500 ppm iron alone as FeS04 were applied to spring wheat at the four-
leaf stage (29, 31). The herbicide alone reduced yield; addition of iron 
to it restored the loss. The additive alone increased yield. 
A more elaborate experiment (27) showed responses of spring wheat to 
2,4-D concentrations and sequential spraying. Ferrous sulfate at 1500 ppm 
iron was applied to greenhouse plants at the four-leaf stage with 100, 500 
or 1000 ppm 2,4-D amine one hour or one day before the herbicide, or one 
hour or one day after. Feso4 in all cases increased str.aw and grain weight 
and reduced head deformation. 
Similar diminution of 2,4-D injury to buckwheat, wheat, flax, beans 
and sugar beets was achieved through use of talc dusts containing it and 
iron with other micronutrient metals (29). Commercial dusts of many such 
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formulations have been applied to crops to increase yie l ds (29, 30, 31). 
Wort (28 ) found that incorporation of micronutrients with 2 ,4-D strengthened 
its stimulatory action and broadened the range of its concentrations wh ich 
could safely be used to increase yields of field beans and sugar beets . 
Miller£,!:. al. (13) sought in greenhouse trials to ascertain the effects 
of certain additives on growth of field beans (Phaseolus vulgaris) when 
combined with stimulatory and herbicidal levels of 2,4-D (dimethyl amine 
salt). Additives were ferrous sulfate, EDDHA (ethylenediamine di-o-
hydroxyphenylacetic acid) and FeEDDHA (sodium ferric ethylenediamine di-o-
hydroxyphenylacetate), all at 1500 ppm active ingredient. The use of any 
supplement with 2,4-D on plants at 12 to 14 days of age usually minimized 
or prevented epinastic and inhibitory effects. Additive protection with 
100 ppm 2,4-D resulted in more rapid shoot elongation than with the herbi -
cide alone. EDDHA promoted shoot growth nearly as well as its iron chelat e, 
FeEDDHA, when applied without 2,4-D. In simultaneous use with the herbi -
cide the order of effectiveness was FeEDDHA, EDDHA and Feso4 • When applied 
24 hours after the herbicide ferrous sulfate proved superior. EDDHA was 
almost as effective for use with or subsequent to 2,4-D concentrations of 
5 ppm or lower. At 10 or more ppm of the herbicide FeEDDHA was superior in 
overcoming leaf area inhibition and it e~celled FeS04 in protection at 5 
and 10 ppm until ten days after spraying. Ferrous sulfate later became as 
effective generally as EDDHA or FeEDDHA after temporary growth reducti on. 
In further work Miller .£.t.!l· (14) sought to establish whether an iron 
supplement used with 2,4-D could modify its effect on yields. Treatments 
were rates of the herbicide applied to foliage alone and simultaneously 
with 300 ppm iron as Feso4 • In all cases the additive with both herbicidal 
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and stimulatory levels of 2,4-D increased seed yields over those of the 
controls, the herbicide alone or itself alone. Ferrous sulfate with 100 
ppm 2,4-D increased the number of flowers and pods per plant as well as 
bean size, shortened the duration of flowering, and increased plant growth. 
as compared with the herbicide alone. Ten and 100 ppm 2,4-D delayed crop 
maturity. The additive alone did not. In combination iron and 2,4-D gen-
erally accentuated the delay. Production of dry matter was increased when 
Feso4 was combined with both low and high levels of 2,4-D. These data and 
those reported earlier confirm that iron additives reverse the effects of 
inhibitory or herbicidal concentrations of 2,4-D applied to field beans. 
Huffaker ~al. (6) undertook to further elucidate how chelating 
agents, metal chelates and inorganic ions modify the responses of field 
beans to inhibitory and herbicidal levels of 2,4-D. Feso4 , FeEDDHA and 
EDDHA were tested. FeEDDHA at all concentrations from 10-9 to 10-2 M was 
uniformly effective in overcoming inhibition of shoot length by the herbi-
cide. As the concentration of FeEDDHA was increased the inhibition of 
shoot dry weight was gradually removed. FeEDDHA, EDDHA and ferrous sulfate 
were excellent protectors against 2,4-D injury. At rates of FeEDDHA from 
-9 -2 10 to 10 M, 2,4-D injury was prevented. Five days later, however, these 
concentrations gave inadequate protection. The application of FeEDDHA 
simultaneously with 2,4-D can increase or decrease the injurious effects, 
have no effect or broaden its range of levels which are stimulatory to 
growth, depending on the concentration of the herbicide used. The effects 
were proportional to the concentration of FeEDDHA. 
More recently (1966) Huffaker ~ .!1· (7) reported field studies evalu-
ating effects of 2,4-D formulations with iron additives on beans, wheat and 
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barley. Formulations used were the isopropyl and isooctyl esters and the 
dimethylamine salt. FeS04, FeEDDHA and FeDTPA (sodium ferric diethylene-
triamine pentaacetate), all at 500 ppm iron, were added individually to the 
solutions. Wheat and barley were at the five- to seven-leaf stage and 
field beans were about two weeks old. The additives increased the range of 
2,4-D rates which resulted in yield increases and they increased herbicide 
tolerance when applied to the two cereals. When applied to beans in the 
same concentrations they increased the herbicidal potency. 
Szabo and Buchholtz (23) studied the influence of minor elements on 
the activity of 2,4-D in soybeans. Small plots of Blackhawk soybeans were 
treated in the second to fourth trifoliate leaf stages. Iron as ferric 
citrate was applied at 0.5 and 1.0 lb/acre in all combinations with 0, 0.25 
and 0.5 lb/acre of 2,4-D amine, all in aqueous solutions adjusted to pH 5. 
Other ionic additives used at similar rates individually and in mixtures 
significantly diminished the herbicidal effects. Most individual elements 
including iron lessened the effect of both low and high rates of 2,4-D. 
Results for 1956 generally corroborated those for 1955 and confirmed that 
certain ionic additives could enhance or lessen its activity in soybeans. 
Responses of the beans appeared to be conditioned by environmental factors 
including pH of the solutions. 
These workers later sought to ascertain the effect of ionic additives 
on penetration of living membranes by 2,4-D in solutions of varied pH (24). 
Iron as ferrous tartrate and other additives were individually combined 
with the triethanolamine salt of 2,4-D in solutions adjusted to the de-
sired pH with 0.1 N NaOH and 0.1 N HCl. Each solution was uniformly dis-
tributed over the upper surfaces of cotyledonary leaves of sunflower 
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(Helianthus annuus) and snapbeans (Phaseolus vulgaris) in amounts equiva-
lent to 50 micrograms of additive and 125 of 2,4-D per leaf. After four 
hours the unabsorbed herbicide was washed from the leaves and its concen-
tration in the wash water measured spectrophotometrically. The iron addi-
tive caused a decrease in penetration of 2,4-D into leaves of snapbeans at 
pH 3. Its penetration was totally inhibited by iron at pH 5. The iron 
additive consistently decreased or prevented penetration of the leaf sur-
face by 2,4-D. The ammonium and phosphate ions consistently increased its 
penetration. This should enhance its injurious effects in agreement with 
Sexsmith (18) and Wort (29, 32). 
Rogers (16) explored the effects of iron on the activity of 2,4-D in 
tomato. Four six-week-old plants in pots were soil-treated with 300 mg 
each of FeEDTA (sodium ferric ethylenediamine tetraacetate) in solution. 
Three days later 0.05 mg of 2,4-D amine was applied to the basal area of 
one leaf on each iron-treated plant and four untreated controls. Curling 
of the treated leaf was observed after 6 to 12 hours on plants not receiv-
ing iron. Within 24 hours all plants showed this epinasty in some degree, 
signifying that the effect had been delayed but that the action of the iron 
was only temporary. Epinasty had been delayed up to 24 hours in a similar 
test a few months earlier. These results and those of Szabo and Buchholtz 
(23) again affirm the findings of other workers concerning the protective 
action of iron additives. 
Mechanisms of Action 
The mechanism of action whereby the activity of 2,4-D is modified by 
iron additives is unknown. Wort has suggested that minerals may act by 
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alleviating minor element deficiencies in the soil or by formation of in-
soluble salts of 2,4-D (29, 31). The added elements may activate enzymes 
or their formation (31). In sequential application the mode is obscure 
(29). Huffaker!:! al. (6) believe that the ability of an iron additive to 
increase or decrease the lethality of the herbicide is probably complex. 
Their work showed that an iron additive can function as a protective agent 
whether applied before, with or after 2,4-D (13). This indicated that the 
action of the iron additive primarily influenced the activity of the 2,4-D 
within the plant and was less likely to impede absorption through the leaf 
surface. FeEDDHA apparently did not cause decomposition of 2,4-D as its 
action was merely delayed by low levels of the chelate. Szabo and Buch-
holtz (24) determined absorption spectra of their additives, of 2,4-D and 
of various mixtures of these. Spectral changes were indicated only in the 
solution of iron with 2,4-D; the diminished absorption corresponded with 
the 13% decrease in 2,4-D in their assays, but the apparent decrease was 
too small to account for the observed inhibition of 2,4-D penetration by 
the iron additive. Complex formation was considered inconsequential. 
Their studies of 2,4-D uptake as affected by iron strongly suggest that the 
reduced uptake of 2-4-D may account, at least in part, for the protective 
action of iron. Rogers (16) concedes that absorption at leaf surfaces may 
be involved but believes that effects on 2,4-D translocation are more im-
portant. He applied c14-labelled 2,4-D to tomato leaves in conjunction 
with FeEDTA in soil applications. Autoradiographs were prepared which 
showed that the radioactive 2,4-D in the iron-treated plants was not moved 
as far as in the control plants. He doubted that 2,4-D could be bound up 
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as a chelate within the plant since its action is delayed but not prevented. 
However, he did not reject this possibility. Either its entrance into sus-
ceptible tissue is delayed or rapid translocation and wide dispersal ob-
scure its innnediate effects. It appears that extensive further study is 
needed to clarify the role of 2,4-D translocation as influenced by iron 
additives. 
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PRELIMINARY 2,4-D TESTS 
It was essential in greenhouse studies using young plants to select a 
concentration of 2,4-D which would be sufficiently toxic to cause definite 
injury symptoms but sublethal enough to avoid danger of death to the 
plants. Ideally such injury should be similar in severity to that suffered 
by plants of the same age exposed to ambient herbicidal contamination. A 
study of the literature indicated that a satisfactory rate for use in these 
experiments should be between 0 and 100 ppm. 
Ten plants of the Fredonia variety were available and were used for 
preliminary tests of 2,4-D concentrations ranging from 10 to 100 ppm in 
steps of 10 ppm. These, like the Concords used subsequently, were two-
year-old No. 1 plants and were from the same shipment. Culture was the same 
in all respects. There were two healthy shoots per plant averaging 30.3 
inches and without fruit. Growth rate was suppressed. 
The herbicide formulation used was the dimethylamine salt of 2,4-D 
containing 49.4% acid equivalent, sold by the Stauffer Chemical Company of 
New York. Plyac spreader-sticker was added to each solution at the rate of 
10 mg/65 ml of distilled water. This is a non-ionic polyethylene latex, a 
product of the Allied Chemical Nitrogen Division of New York. The applica-
tors used were Universal Aerosol Spray Kits purchased from Nutritional Bio-
chemicals Corporation of. Cleveland, Ohio. 
On the morning of June 10 the plants were moved from the greenhouse to 
an isolated cell in the horticultural laboratory. The pots and soil were 
covered with polyethylene plastic and the solutions applied in sequence be-
ginning with 10 ppm. 
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Symptoms of 2,4-D injury appeared by mid-afternoon and as time passed 
became more pronounced as curling of shoot tips, cupping, rolling and fold-
ing of leaves, and downward bending of petioles. The plants were ranked in 
order of decreasing injury: 80, 100, 60, 50, 30, 40, 70, 10, 90 and 20 ppm. 
It is acknowledged that injury to three or four plants in the middle of the 
series was so similar that there was no basis for ranking them. The con-
spicuous lack of a gradient of injury symptoms corresponding to the gradient 
of concentrations applied (Figure 1) confirms again the unpredictable 
responses of plants to 2,4-D and provides further evidence of its diverse 
modes of action. Also shown is the fact that plants vary widely in metabo-
lism despite uniformity of genetic constitution, cultural practices and en-
vironmental conditions. 
The results suggested that 100 ppm should be a satisfactory level for 
use in further investigations. 
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MATERIALS AND METHODS 
Greenhouse Studies 
Ferrous sulfate and chelates 
Ferrous sulfate at varied concentrations and three iron chelates were 
tested as additives with 2,4-D to .;issess the comparative effectiveness of 
the two categories of compounds, salts and chelates, containing both fer-
rous and ferric forms of iron. 
On March 16, the day after arrival from the nursery, 150 two-year-old 
No. 1 plants of the Concord variety were potted in a steam-sterilized soil 
mixture containing one-third each of field soil, gravel and peat. The 
roots were pruned to fit new 7-inch plastic pots and the canes to lengths 
of 4 to 6 inches. The plants were then placed in a heated greenhouse and 
misted twice daily for several weeks. 
Breaking of dormancy and bud growth were first evident about March 23, 
a week after potting. Flower buds appeared with the first leaves. Bud-
break was extremely uneven, an apparently normal occurrence in newly 
planted dormant grape plants. A contributing factor could be root differ-
ences. The roots of some plants were more fibrous and probably more effi-
cient in absorption. Breaking of dormancy extended into the third week of 
May. The 110 plants used in this experiment had all begun growth by May 5. 
Later plants were used in other smaller experiments. 
Each plant as it commenced growth was pruned to two buds. The ob-
jective was to develop two shoots per plant, one from each of two canes. 
This was not always possible. Some plants initiated only one shoot; cer-
tain others developed two initially but the growth of one apparently 
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suppressed the other. Shoot growth was generally somewhat more vigorous 
when only one developed but otherwise appeared quite uniform. 
Beginning April 19 as shoot length reached about 18 inches the plants 
were transferred at intervals to the experimental greenhouse. On May 14 
the moving of all plants used in this study was completed. Each plant was 
provided with a trellis consisting of two or three No. 9 wire rods inserted 
into the soil in the pot and securely tied near the top. The shoots were 
then tied to the rods. 
Tomato plants for use as biological indicators were seeded into green-
house potting soil April 14. The seedlings emerged within a week. A month 
later 50 plants were transplanted to 6-inch clay pots. Five of these were 
taken to the experimental greenhouse shortly before the time of treatment. 
The remainder were later utilized in field experiments. 
The experimental greenhouse was east-west oriented and was connected 
by a breezeway to the horticultural laboratory. Inside was a large central 
bench of 180 square feet, measuring 6 x 30 feet; this was utilized for the 
experiment. Eleven treatments were to be distributed in each of five 
randomized complete blocks. It was determined to apply each treatment to 
two plants in each block, i.e., experimental units would consist of two 
plants for a total of 22 per block. The complete experiment would then con-
tain 110 plants in 20 north-south rows with pot centers spaced one foot 
apart within rows and one and one-half feet between rows. 
Since growth rate was quite uniform, stage of development was re-
garded as a function of time of breaking dormancy. Maturity in turn was 
taken as a function of time of bud-break, growth rate and stage of develop-
ment of shoots. The plants were blocked on this basis with the most mature 
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in Block I and those of progressively less maturity in successive blocks. 
This was done to assure that variation due to uneven bud-break would be 
contained within the blocks sum of squares. The breaking of dormancy had 
followed a normal curve with some early (Block I) and some late (Block V) 
but most were intermediate, consequently differences in growth stage of 
Blocks II, III and IVwere not great. Figure 2 shows the plants in the 
bench. 
Grapes in each block formed three rows of six plants and one row of 
four plants, leaving a space corresponding to one experimental unit for 
tomato. Five tomato plants were transferred from 6-inch to 8-inch clay 
pots, staked and a l located, one per block. The plants were 12 to 15 inches 
tall and were in anthesis. Since tomatoes are sensitive to 2,4-D they were 
expected to show its presence in the ambient air. 
Anthesis of grape was first observed May 20 in Block I. Not all 
plants bore fruit. The percentage fruiting dropped sharply from Block I 
(95%) to Block V (68%). Within each block the plants were arranged to 
assure a reasonably uniform distribution of the fruit to treatment units 
(paired plants), taking into account the size and number of clusters (one 
to five) per plant, and to assure at least one fruiting plant in each pair. 
Suppression of vegetative growth was associated with advanced fruit devel-
opment. This appeared to be a cause of differentiation in height of plants 
in some treatment units as the season progressed. 
The treatments were as follows: 
1) unsprayed, 
2) check (sprayed with spreader-sticker at 20 mg/65 ml of solution), 
3, 4, 5) 100 ppm dimethylamine 2,4-D (no Fe), 
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Figure 2. Southeast view of bench with Block I in foreground (June 14, time of treatment) 
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6) 100 ppm 2,4-D and 100 ppm Fe as ferrous sulfate (FeS04°7H2 0), 
7) 100 ppm 2,4-D and 1000 ppm Fe as ferrous sulfate, 
8) 100 ppm 2,4-D and 2000 ppm Fe as ferrous sulfate , 
9) 100 ppm 2 ,4 -D and 2000 ppm Fe as FeEDTA, 
10) 100 ppm 2,4-D and 2000 ppm Fe as FeEDDHA, and 
11) 100 ppm 2,4-D and 2000 ppm Fe as FeDTPA. 
The numbers were attached to the 11 pairs of plants in each block according 
to a randomization scheme . Treatments 3, 4 and 5 actually were t hree repli-
cations of 2,4-D without iron, numbered for c onvenience in randomizat i on. 
The three-number designation will be used consistently and is useful as a 
reminder that this treatment was replicated three times. Two solut i ons 
applied separately constitute Treatments 6 to 11. Each solution contained 
Plyac spreader-sticker at 10 mg/65 ml. This rate was doubled for Treatment 
2. All solutions were prepared with distilled water. 
The iron chelates of Treatments 9 to 11 (FeEDTA, FeEDDHA and FeDTPA) 
were supplied by Geigy Agricultural Chemicals of Ardsley, New York. These 
are compounds whose molecular structures are cyclic, t he ring being formed 
by linkage of an Fe atom (ferric) with diverse parts of the sodium salt of 
an organic acid mol ecule. Their trade names are Sequestrene NaFe ( 12% Fe), 
Sequestrene 138Fe (6% Fe) and Sequestrene 330Fe (10% Fe) , r espectively. 
The blocks were sprayed in numerical order on the mornings of June 13, 
15, 17, 19 and 20. Growth at thi s time was almos t imperceptible, having 
been greatly suppressed by fruit development, soil nutrient and root space 
limitations, and high greenhouse temperatures. Shoot lengths of plants in 
Block I averaged 34.2 inches on June 13. The number of berries per cluster 
was recorded. They were about 12 nun in diameter. Plants of Block V were 
26 
decidedly less mature. Shoot lengths by this time had nearly overtakc•n 
those of Block I, averaging 32.8 inches. Berries were smaller, about 9 nun 
across. Growth stages in Blocks II, III and IV were intermediate. 
On the days of treatment plants of one block only, except those of 
Treatment 1, were moved into the horticultural laboratory. Unsprayed 
plants were removed from the bench to break any root connections with the 
sand. Pots and soil of all others were covered with plastic. Separate 
Universal Aerosol applicators were used ror the 2,4-D, ferrous sulfate and 
each chelate. Thorough coverage of shoot stems, upper leaf surfaces and 
clusters with a minimum of runoff was attempted. Treatment 2 was applied 
first and the plants returned to the bench after a brief period in isola-
tion for evaporation from leaf surfaces. The herbicide was next applied 
to all remaining plants in order of treatment numbers, in a partially en-
closed corner of the laboratory. Applicators were directed away from other 
plants. After treatment each plant was so placed in the laboratory as to 
assure avoidance of spray drift. Solutions of additives were prepared 
immediately before use. Since FeEDDHA is not soluble in water at 2000 ppm, 
its solutions were prepared at 1000 ppm and applied twice. The ferrous 
sulfate solutions, due to their instability, were prepared last and used 
first. After evaporation from leaf surfaces the plants were moved to the 
open air at the laboratory entrance and the additives applied in order as 
before to plants of Treatments 6 to 11. They were returned to the bench 
after another brief period of evaporation. 
Shading compound was ~pplied to the greenhouse June 3 and July 20 in 
efforts to reduce light intensity and temperature. 
Caterpillars of the eight-spotted forester, an insect pest of grape, 
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attacked the plants and were controlled by hand picking from treatment un-
til the end of August when the infestation subsided. No pesticides were 
used. 
The plants were visually rated three times at intervals on degree of 
2,4-D injury to foliage. A scale of 0 to 5 was first used with 0 indicat-
ing no injury (Treatments 1 and 2) and 5 the maximum. Subsequently the 
scale was extended to 10 to accommodate the worsening condition of some 
plants. A rating of 10 signified a dead plant. For statistical analysis 
the scale was reversed so that 10 would signify no injury and 0 a dead 
plant. The data were then analyzed as ratings of extent of freedom from 
2,4-D injury. 
Records were kept on condition of foliage and fruit. Abnormalities 
were especially noted as they developed through the season. After dormancy, 
from November 17 to 24, the shoots were measured a second time with the 
dead ends removed. The differences between these and the measurements 
taken at treatment were recorded as shoot lengths killed by treatments, 
presumably 2,4-D. 
Because of very slow uneven ripening, fruit of 2,4-D-treated plants 
could not be harvested at one time. Dates of initiation of ripening, first 
harvest and final harvest were recorded for each bearing plant. From these, 
measurements of earliness and rate of ripening were derived. To facilitate 
interpretation of data scales were set up of integers having the same rela-
tionships among themselves as these dates. The first ripening on any plant 
was observed July 17. This date was numbered 1 and days were numbered con-
secutively thereafter up to 83, corresponding to November 7. The scale 
integer coinciding with the date on which the first ripening appeared in a 
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given plant was recorded as its "time" of initiation of ripening. The 
validity of this procedure, i.e., of measuring each "time" as the number of 
days from July 17, has its basis i~ the maturity blocking of the plants. A 
scale was similarly established for dates of harvest (Treatments 1 and 2) 
or of first harvest (all others), extending from 1 (July 30 in Treatment 1) 1 
to 119 (November 25). Each time of first harvest was recorded as the 
scale integer corresponding to the date. Since the earliest harvest was in 
Treatment 1 where first and final harvests were the same (July 30), the same 
scale extended to 167 (January 12) was used for conversion of dates of 
final harvests. 
Ripe and green berries were counted at harvest or first harvest for 
each bearing plant so that percentages of ripe fruit could be calculated. 
These counts and those taken at treatment provided a measure of fruit loss 
between treatment and harvest. The harvested berries were weighed. 
Samples of juice were collected, frozen and stored in 8-ml vials for 
soluble solids (sugar) determinations. Juice was extracted from all berries 
harvested from each plant until a vial was filled. A Bausch and Lomb 
"Abbe 56" refractometer was used for the analyses. 
Values within treatment units, when they were available from both 
plants of a pair, were averaged for analyses of variance. Observations 
from Treatment (3, 4, 5) were randomly selected from the six plants in each 
block to assure equal precision of measurement for all treatments. When 
1Date of harvest or first harvest is more precisely defined as the 
date when first berries on a plant were fully ripe. With few exceptions 
the two coincide. On this plant nearly all grapes were ripe July 30 al-
though they were not harvested until August 12. 
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the F test showed significance Duncan's Multiple Range Test (4) was also 
employed. 
Thirty-~-~ sequential experiment 
There is evidence from earlier work that in some cases results of use 
of iron additives with 2,4-D will vary depending upon whether the additive 
is applied prior to, simultaneously with, or subsequent to the herbicide 
application. To test this with the Concord grape a small experiment using 
five plants was undertaken. 
At the time of treatment only three plants in the preferred growth 
stage were available. These were a few days beyond fruit set, having flow-
ered the week of June 5, and were in active growth. Shoot lengths averaged 
24.8 inches. 
The treatments were: 
1) unsprayed (check), 
2) 100 ppm 2,4-D amine simultaneously with 2000 ppm Fe as ferrous 
sulfate, 
3) 100 ppm 2,4-D amine followed by 2000 ppm ferrous sulfate 32 hours 
later, 
4) 2000 ppm ferrous sulfate followed by 100 ppm 2,4-D amine 32 hours 
later, and 
5) 100 ppm 2,4-D amine alone. 
Spraying was begun June 13. Plants of Treatments 2, 3 and 4 were sprayed 
at 1:00 p.m. with the first of the two solutions. The "simultaneous" appli-
cations of Treatment 2 were separated by an interval sufficient for drying 
of the herbicide spray. The second sprays of Treatments 3 and 4 were 
applied the next day at 9:00 p.m. The designation of a check and applica-
tion of Treatment 5 were delayed until two additional plants attained a 
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similar growth stage. 
Twenty-~-hour sequential experiment 
Another small experiment similar in purpose to the previous one was 
undertaken with intervals shortened to 24 hours. Twelve plants were ar-
ranged in three blocks in an end bench and treatment numbers 1 to 4 were 
randomly attached. The plants were growing less actively than those of the 
earlier test and all but three were without fruit. Shoot lengths averaged 
35.6 inches. 
The treatments were: 
1) unsprayed (check), 
2) 100 ppm 2,4-D amine simultaneously with 2000 ppm Fe as ferrous 
sulfate, 
3) 100 ppm 2,4-D amine followed by 2000 ppm ferrous sulfate 24 hours 
later, 
4) 2000 ppm ferrous sulfate followed by 100 ppm 2 ,4-D amine 24 hours 
later, and 
5) 100 ppm 2,4-D amine alone. 
All except 2,4-D alone were applied to three plants. Treatment (3, 4, 5) 
in Block V served as Treatment 5 here, since maturity and time of spraying 
were the same. The first sprays of Treatments 3 and 4 were applied June 
19, and on the following day Treatments 2, 3 and 4 were completed. 
Field Studies 
Concentric circles ~ of ferrous sulfate and chelates 
The same chelates as before and ferrous sulfate at high, intermediate 
and low levels were tested under field conditions. Grapevines already in-
jured by ambient herbicides were exposed to the high-volatile n-butyl 
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ester of 2,4-D. 
This and subsequent field studies were conducted on the University 
Horticulture Farm. The arrangement of the planting was laid out by Cole 
(3) in 1962 and described by him in detail. It was a series of 17 concen-
tric circles at intervals of eight feet on a plot of Webster silt loam 
soil 300 feet square (about two ac+es). The 2,4-D was distributed by nat-
ural volatility and air movement from a central source. Within each circle 
the plants were set in pairs. There were 12 pairs per circle, each pro-
vided with a trellis. 
For this experiment the individual vines were spur-pruned to ten buds 
in April. Anthesis occurred the week of June 11. The new foliage mani-
fested symptoms of 2,4-D carryover decreasing in severity from the center 
outward, the effects of five years of exposure. This is illustrated by 
Figures 3 and 4 which show plants in the outermost circle (west) and in the 
innermost (east), respectively, of the experiment. The vines varied widely 
in vigor from weak to very vigorous. 
Additional species of plants were studied in the circles at the same 
time by other investigators. The release of volatile 2,4-D from the source 
was begun June 22. Two pieces of cheesecloth were impregnated with 20 ml 
of n-butyl ester (acid equivalent, 46%) at full strength. These were then 
suspended on wires in an X shape at the source (Figure 5) and were replaced 
every two weeks. The ester was supplied by the Woodbury Chemical Company 
of St. Joseph, Missouri. 
Seven treatments were replicated eight times in four concentric 
"blocks" numbered I to IV. Only the outer eight circles, numbered from 
the outside, were used. Two circles composed each block. The paired vines 
Figur e 3 . Carryover symptoms of 2,4-D i n 
outermost c ircl e, west of 
s ource (July 8) 
Figure 4. Carryover symptoms of 2 , 4-D i n 
i nnermos t circle (eighth from 




Figure S. Experimental source of 2,4~D with shelter, wires and cbeescloth 
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were treated in all respects as one and are so designated hereafter. A 
total of 56 fruiting plants were used. 
Listed below are the treatments: 
1) unsprayed (check), 
2) 1000 ppm Fe as ferrous sulfate (FeS04 •7H20), 
3) 2000 ppm Fe as ferrous sulfate, 
4) 4000 ppm Fe as ferrous sulfate, 
5) 2000 ppm Fe as FeEDTA, 
6) 1000 ppm Fe as FeEDDHA, and 
7) 2000 ppm Fe as FeDTPA. 
These were randomized twice among the 14 selected vines in each block. 
Plyac spreader-sticker was added at the rate of 0.5g/gallon. A separate 
Hudson hand sprayer was used for each solution. The blocks were sprayed in 
numerical order on June 29 and July 1. The berries were 4 to 11 nnn in diam-
eter and growing rapidly even on severely stunted vines near the source. 
From July 11 to 15, 40 tomato plants were transplanted from pots and 
dispersed to assure close proximity to each grapevine for observation as 
indicators. 
Sudden severe damage (Figure 6) was caused about July 11 by local use 
of 2,4-D for weed control. To determine whether the vines could grow in 
this condition tags were attached to two shoots per plant, one foot from 
their tips. These shoot ends were measured again at the end of the season 
for an indication of growth. 
Pesticide sprays were applied approximately every two weeks to field 
grapes. One or two pounds each of DDT, Captan and at times Sevin were used 
with Plyac at 2 oz./100 gallons of water. 
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Figure 6. Current damage caused about July 11 by local 2,4-D contamination 




Initiation of ripening extended from August 22 to September 4. The 
dates and corresponding integers of 1 (August 22) to 14 (September 4) were 
recorded. The integers again served as relative "times" of initiation of 
ripening measured in days from August 22 for evaluation of ripening earli-
ness. The validity of this procedure in field situations is based on the 
fact that anthesis occurred in .all vines at .the same time. 
Clusters were enclosed in perforated polyethylene plastic bags for 
protection against insects, raccoons and frost. This was begun September 7 
and completed September 15. The bags provided good protection. 
At harvest, ripe and unripe berries were weighed (in grams) separately 
to permit calculation of weight pefcentages of green fruit. This was used 
as a measure of uniformity of ripening. The weights were of course added 
to obtain yields. 
Some crop loss was caused by raccoons before bagging could be com-
pleted. The animals consume only ripe fruit, consequently green percent-
ages would be too large. To compensate for this a correction was made. 
Only the juicy pulp of the berry is eaten (Figure 7); the pericarp or 
"skin" is left behind. The weight of an average berry for the vine was 
calculated from a 36-berry sample and multiplied by the number of skins. 
The result was added to the weight of ripe fruit. Not all vines were 
attacked. 
A sample of ripe clusters and segments of clusters sufficient to fill 
a 2" x 411 x 12" plastic bag was collected from diverse parts of each plant. 
A vial of juice was extracted from 12 to 15 berries and frozen. The Bausch 
and Lomb "Abbe 5611 refractometer was used as usual for soluble solids meas-
urements in the laboratory. For comparison with iron-treated plants many 
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additional sugar determinations were made on fruit of untreated vines in 
all 17 circles. For these a Bausch and Lomb hand refractometer was used 
in the field. 
It was determined that the release of experimental 2,4-D from the cen-
tral source in conjunction with the nonrandom variable, wind, had intro-
duced direction effects, a component of variation which could not be 
accounted for in statistical analysis. Consequently an alternative pro-
cedure was devised. 
The experimental area was divided into 20 sectors of 18° each as shown 
by the solid lines in Figure 8. Small circles represent experimental vines 
and are marked with treatment numbers. In each block the two plants re-
ceiving a given treatment are distinguished by subscripts 1 and 2 proceed-
ing clockwise from the south. Arrows indicate two plants in the fifth 
circle which were included in Block II because of a shortage of vines 
there. Dots represent unused plants. Vines in the inner circles are not 
shown. 
As the herbicide is carried from the experimental source by wind it is 
assumed to travel along radii of the circles toward the outside, fanning 
out over an area similar to that of the sectors, which are sufficiently 
narrow that the direction from the source of all plants within any sector 
may be considered essentially the same. Therefore paired comparisons can 
be made among vines in any sector without regard for direction effects. 
Dash lines delineate a second set of 20 sectors within which comparisons 
also were made. 
The diagram shows the direc t ion and distance of each vine from the 
source, the t reatment applied to each plant, its position relative to all 
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Figure 8. Layout of experimental area and division into sectors 
Legend: () -- experimental plants 
4t -- unused plants 
I, II, III, IV -- concentric blocks 
1 to 7 -- treatments: 
1) unsprayed (check) 
2) 1000 ppm FeS04 
3) 2000 ppm FeS04 
4) 4000 ppm FeSOu 
5) 2000 ppm FeEDTA 
6) 1000 ppm FeEDDHA 
7) 2000 ppm FeDTPA 
1 and 2 (subscripts) first and second plants of 
same treatment in a block 





other treated vines, and the treatments contained in each sector. In any 
given sector each treated grapevine was visually compared with all others 
including those of the Satl\e treatment for each type of response. 
Vineyard ~ 2£. ferrous sulfate 
This study was undertaken to test for protective effect of ferrous 
sulfate at three levels in successive applications against ordinary ambient 
pollution without experimental exposure of grapevines to 2,4-D. 
The vineyard was planted in 1959 but records indicate that a few dead 
vines were replaced in 1962. 1 Thus the replacements had been exposed to 
ambient herbicides for a shorter time. There was no way to ascertain how 
many or which ones these were. The long-cane pruning characteristic of 
Kniffin training was done in April with modifications for individual plants. 
Symptoms of carryover 2,4-D were manifested from bud-break. The condition 
of the shoots at the time of treatment (July 6) can be seen in Figure 9. 
Vigor was lacking as a consequence of exposure to ambient herbicides of up 
to eight years duration and probably to other site factors such as drain-
age. Records suggest that the heavy soil was better drained at higher 
sites while at lower levels killing of deep roots may have resulted from a 
1 
high water table. 
The vines were spaced 10 x 10 feet in six east-west rows on a 60 1 x 200' 
(0.27 acre) plot. Three randomized complete blocks of 12 plants each were 
established. Fairly uniform vines, the best available, were selected for 
Block I, second best for Block II and those still smaller and least 
1Nichols, H. E., Horticulture Department, Iowa State University, Ames, 
Iowa. Data from vineyard records. Private communication. 1967. 
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Figure 9. Carryover symptoms of 2,4-D (July 6) 
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vigorous for Block III. Many plants were not used. The berries grew rapid-
ly and were 6 to 12 mm in diameter at the time of treatment. 
These were the treatments randomized in each block: 
1, 2, 3) unsprayed (check), 
4) 1000 ppm Fe as ferrous sulfate 1 application, 
5) 1000 ppm Fe as ferrous sulfate 2 applications, 
6) 1000 ppm Fe as ferrous sulfate 3 applications, 
7) 2000 ppm Fe as ferrous sulfate 1 application, 
8) 2000 ppm Fe as ferrous sulfate 2 applications, 
9) 2000 ppm Fe as ferrous sulfate 3 applications, 
10) 4000 ppm Fe as ferrous sulfate 1 application, 
11) 4000 ppm Fe as ferrous sulfate 2 applications, and 
12) 4000 ppm Fe as ferrous sulfate 3 applications. 
Treatments 1, 2 and 3 were replications of the unsprayed check. The addi-
tive was mixed with water innnediately before use. Plyac spreader-sticker 
was added at O.Sg/gallon for the first application only. Separate sprayers 
were used for each solution. The first, second and third sprays were 
applied July 6, 18 and 28. 
A white flocculent precipitate was noted in the residual solutions 
when the sprayers were opened after use. Laboratory tests showed that the 
precipitate did not form when the spreader-sticker was omitted. Solutions 
of ferrous sulfate at all concentrations used were prepared and each one 
was divided into two portions of 130 ml. These were allowed to stand for a 
short time. No precipitate formed. Plyac was then added at the experi-
mental rate to one sample solution in each pair. After agitation a yellow 
flocculent precipitate appeared in the 4000 ppm sample containing Plyac. 
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The six samples were then tested in a Universal Aerosol applicator. Yellow 
and white flocculent precipitates appeared in the 2000 and 1000 ppm samples, 
respectively, both containing Plyac. The substances were thought to be 
iron hydroxides. They were insoluble in hydrochloric and sulfuric acids. 
No precipitates formed in the samples without Plyac, consequently its use 
was discontinued after the first application. 
Nine tomato plants and seven unused grape plants from the greenhouse 
were transplanted to the vineyard July 11 and 15 for observation as indi-
cators. The damage caused by local use of 2,4-D about July 11 is illus-
trated in Figure 10. In field studies (circles and vineyard) shoot lengths 
up to three feet were deformed as shown. 
Bagging of clusters was started September 7 and completed September 
15. Most vines were not attacked by raccoons. With the exception of four 
plants for which corrections were made crop loss was negligible. 
Measurements of growth of deformed shoots, times of initiation of 
ripening, percentages of soluble solids and ripe fruit at harvest, and 
yields were obtained by the methods used in the concentric circles experi-
ment. 
For statistical analysis and calculation of treatment means one grape-
vine of Treatment (1, 2, 3) was randomly selected from the triple replica-
tion in each block. This was done to establish equal precision of observa-
tion for all treatments. The same three randomly selected plants were used 
for all analyses of data to assure that blocks would not vary in size and 
thus, conditions would remain constant for all variables under study. 
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Figure 10. Current damage caused about July 11 by local 2,4 -D contamina-
tion 
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Ferrous sulfate~ 2,4-D mixed 
A limited test of ferrous sulfate and 2,4-D mixed in the same solution 
was carried out to observe differences in plant responses as compared with 
the additive or the herbicide alone. !t was thought that results might 
suggest a reaction occurring in the solution which would alter the potency 
of the 2,4-D. 
The vines (southeast vineyard) were planted in 1962 and showed the 
effects of five years' exposure to ambient herbicides. Vigor was lacking 
although shoot laterals appearing free from 2,4-D injury were fairly 
connnon. These were short growths of 4 to 6 inches. 
Vineyard rows were numbered: 
1) unsprayed (check), 
2) 100 ppm 2,4-D amine alone, 
3) 1000 ppm Fe alone as FeS04 , and 
4) 100 ppm 2,4-D amine and 1000 ppm Feso4 combined. 
Whole vines were not treated. Six to eight normal shoot laterals were se-
lected and tagged for each treatment. No more than one solution was used 
on any plant. The solutions were prepared in the field with distilled 





Ferrous sulfate and chelates 
Immediate injury was primarily to shoot extremities -- epinasty of 
tips, leaf cupping and rolling, and downward bending of petioles. The 
first rating was done soon after treatment, the week of June 24, beginning 
with Block I. Plants of all 2,4-D treatments appeared much the same at 
this time although injured. Figure 11 shows a small disadvantage for 2,4-D 
alone and with FeDTPA even at this early stage. The analysis of variance 
is sunnnarized in Table 1. 
Table 1. Analysis of variance and test of treatment differences for rat-



















*Significant difference at the 5% probability level. 
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Figure 11. Means for ratings of extent of freedom from 2,4 -D injury, June 
24 (greenhouse) 
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Small brown necrotic areas were observed July 17 on leaves of 28 
plants. Included were an unsprayed plant, six plants exposed to 2,4-D 
alone and 21 iron-tr~ated plants. Of the affected iron-treated plants, 
seven and nine received FeDTPA and FeEDTA, respectively. Some necrosis may 
have been caused or promoted by additives. The amount of dead tissue was 
small; the plants were in good condition. Minor yellowing appeared in one 
to three leaves, usually basal, of eight plants exposed to 2,4-D alone and 
one FeDTPA-treated plant. A few flaccid berries were present on three 
spreader-sticker check plants, four plants exposed to 2,4-D alone, four 
FeDTPA-treated plants and one receiving FeEDTA. Flaccid berries were found 
on some plants at treatment, several of which appeared to recover subse-
quently. One or both shoots of five plants receiving the herbicide alone 
and one FeDTPA-treated plant were dying. One or more of the conditions 
noted here were present on 14 of the 30 plants exposed to 2,4-D alone and 
on 23 of the 60 iron-treated plants. 
Red-brown leaf necrosis distinct from t 'he brown form noted earlier be-
came prominent on a few plants. Most of the dead areas were large, being 
smallest on an unsprayed plant and largest on one receiving the herbicide 
alone (Figure 12, left). However, the dead areas were apparently not 
caused by treatments since they were present on three plants before treat-
ment. They developed mostly between the time of treatment and the end of 
July; they did not increase or spread thereafter. The condition was lim-
ited to the eastern one-fifth (six feet) of the bench and all affected 
plants except one (FeEDTA-treated) were in Block I. The plant at the right 
(FeDTPA-treated) in Figure 12 shows necrosis appearing like that on the 
left but the affected areas were much smaller and more widely distributed. 
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Figure 12. Plants exposed to 2,4-D alone, left, and with FeDTPA showing 
red-brown leaf necrosis (July 31, 48 days after treatment) 
Figure 13. Black discoloration of berries on plant sprayed with 2,4-D and 
FeS04 (July 31, 48 days after treatment) 
52 
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The two necroses were generally not found on the same plants. 
Blackened areas or spots developed on berries of five iron-treated 
plants, apparently caused by treatments in combination with environmental 
factors. The most notable (Figure 13) was a plant receiving 1000 ppm 
Feso4 . The effects on the others were slight. These included a second 
plant treated with 1000 ppm ferrous sulfate, one receiving 100 ppm Feso4 
and two FeDTPA-tr,eated plants. 
The foliar condition of the plants was rated again July 31. By this 
time it was obvious that those exposed to 2,4-D alone and with FeDTPA were 
not doing as well as the others (Figure 14). Duncan's Test (Table 2) shows 
that 2,4-D with FeDTPA (Treatment 11) was significantly more injurious than 
all others except the herbicide alone. The latter, Treatment (3, 4, 5), 
Table 2. Analysis of variance and test of treatment differences for rat-
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Figure 14. Means for ratings of extent of freedom from 2,4-D injury, July 
31 (greenhouse) 
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was more deleterious than all except 2,4-D with FeEDTA (Treatment 9) and 
Treatment 11. It seems assured that all additive treatments except FeDTPA 
provided protection although the effect of FeEDTA was not statistically 
significant. 
Unsprayed and spreader-sticker check plants (Figure 15) appeared nor-
mal, without 2,4-D symptoms. The one exception (Figure 16, left) was a 
check manifesting marked ambient 2,4-D deformations. A normal plant is 
shown for comparison. It seemed probable that the injured plant was in 
some way exposed to the herbicide at the nursery but the nurserymen knew of 
no way this might happen. At least two investigators (3, 17) have reported 
that growth from cuttings taken from injured grapevines showed no 2,4-D 
symptoms. The plants were grown on land where no 2,4-D had ever been 
applied. Simazine was the herbicide used. The nearest cornfield was 
1 
three-fourths mile away. The symptoms could not be attributed to treat-
ments because they appeared long before treatment and no other plant was 
thus affected. Therefore the plant was regarded as uninjured in relation 
to the treatments used in this experiment. 
The condition of plants exposed to 2,4-D alone varied from good to 
dead, signifying again its variable activity and the diverse responses of 
similar plants to the same treatment, attributable to physiological vari-
ability. Loss of chlorophyll and yellowing had increased. One plant was 
dead by this time and single shoots were dead on three others (Figure 17). 
Still another form of leaf browning appeared to follow yellowing as an 
1Bunting, Gene, Buntings' Nurseries, Inc., Selbyville, Delaware. Data 
on grape culture. Private conununication. 1968. 
56 
Figure 15. Normal unsprayed plants and checks sprayed with spreader-
sticker (July 31, 42 to 46 days after treatment) 
Figure 16. Deformations due to ambient 2,4-D, left, contrasted with 
normal check plant (July 31, 41 and 42 days after treatment) 
57 
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Figure 17. Variable responses to 2,4-D alone (July 31, 42 to 48 days 
after treatment) 
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advanced stage of senescence. One plant, not shown, died back to two lower 
leaves which remained green until dormancy. These increasing deleterious 
effects were limited to the herbicide alone and with FeDTPA. 
All of the 50 plants sprayed with Feso4 , FeEDTA and FeEDDHA (Figure 
18) were in good condition although their tips were necrosing. 
The effects of 2,4-D with FeDTPA (Figure 19) were like those of the 
herbicide without iron, including aome yellowing and browning of leaves. 
The plant at the left remained in good condition; the two inner ones even-
tually died. 
Fruit of unsprayed and spreader-sticker check plants ripened con-
currently beginning July 17 and 18, respectively. Ripening was uneven in 
some clusters (Figure 20) but was otherwise normal. The fruit (Figures 21 
and 22) was harvested from nine plants August 12. One or more unripe 
berries (1.8 to 20.7%) were present on most. Ripening in the five bearing 
plants remaining was quite uniform so that when harvested August 23 there 
were no green berries. 
Ripening of fruit on all 2,4-D-treated plants was much later and ex-
tremely slow and uneven beginning August 9, consequently the berries were 
harvested from each plant, a few at a time when fully ripe. Pigmentation 
was normal as in unsprayed and check plants until the approach of dormancy. 
Thereafter the normal blue~black failed to develop and was superseded by 
red-violet. Its intensity decreased gradually to light red at the end of 
harvest. 
Treatment means were computed and a histogram, Figure 23, constructed 
with times of initiation of ripening on the left axis and corresponding 
dates at the right. Tall columns signify late ripening resulting from all 
60 
Figure 18. Uniformly good foliar condition of representative plants ex-
posed to 2,4-D with Feso4 , FeEDTA and FeEDDHA (July 31, 42 
to 48 days after treatment) 
Figure 19. Variable responses to 2,4-D with FeDTPA (July 31, 41 to 46 
days after treatment) 
61 
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Figure 20. Uneven ripening of fruit on unsprayed plant (July 31 after 
14 days of ripening, 48 days after application of treatments) 
63 
Figure 21. Harvest from five unsprayed plants showing unripe berries 
(August 12, 56 to 60 days after application of treatments) 
Figure 22. Harvest from four spreader-sticker check plants showing unripe 
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Figure 23 . Means for times of initiation of ripening in days from July 17 
(greenhouse) 
65b 
2,4-D treatments, whereas the normal early ripening in unsprayed and check 
plants is shown by very short columns. It seems noteworthy that plants ex-
posed to the herbicide alone initiated ripening later on the average than 
iron-treated plants except those receiving FeEDTA, and that plants sprayed 
with the three levels of Feso4 sta+ted ripening earlier than those re-
ceiving chelates. 
The rate (I) of ripening from initiation of ripening to harvest (or 
first harvest) is expressed as the number of days between the two events. 
Thus an inverse relationship exists, with an increasing number of days sig-
nifying a diminishing rate. The rate for each bearing plant was found and 
treatment means computed. The results (Figure 24) show that ripening in 
unsprayed and spreader-sticker check plants was more rapid than in 2,4-D 
treatments. Among the latter, slower rates resulted from the herbicide 
alone and with FeDTPA. Rates for other iron-treated plants were inter-
mediate and their differences on the average were small. The difference 
between 2000 ppm Feso4 and FeEDDHA could be significant, however. 
Treatment means for times of harvest (Figure 25) show that harvests 
from all 2,4-D treatments were much later than those of unsprayed and check 
plants. Furthermore the herbicide alone resulted in considerably later 
first harvests than with most additives. Level of Feso4 made little or no 
difference but first harvests from these treatments averaged earlier than 
from chelate-treated plants except those receiving FeEDDHA. 
Fruit loss between treatment and harvest is the difference between the 
numbers of berries on each plant at treatment and at harvest. The analysis 
of variance is sununarized in Table 3. Fruit loss from plants exposed to 
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Figure 24. Means for rates (I) of ripening from initiation of ripening to 
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Figure 25. Means for times of first harvest in Jays from July 30 (green-
house) 
68 
Table 3. Analysis of variance and test of treatment differences for fruit 
losses between times of treatment and first ha~vest 
(greenhouse) 
Source of Degrees of Sums of Mean 
variation freedom squares squares 
Blocks 4 749.44 187.36 
Treatments 8 5256.12 657.02 
Error 32 3782.45 118.20 
Total 44 9788.01 
*Significant difference at the 5% probability level. 
l 
1.6 
Duncan's Multiple Range Test 














other treatments. The loss due to the herbicide alone, (3, 4, 5), far ex-
ceeded that of all others except Treatment 11 but the differences were not 
statistically significant because of a large error term. The heavy losses 
from 2,4-D alone and with FeDTPA were primarily due to wilting and shriv-
elling, whereas the small losses in other treatments occurred mainly as 
shattering. Figure 26 presents another view. 
Percentages of ripe berries at harvest are used as a measure of the 
non-uniformity of ripening and were calculated as ratios of ripe to total 
berry counts. Because of the triple replication of Treatment (3, 4, 5) 
sufficient observations were available for statistical analyses of fruit 
data, notwithstanding losses due to effects of 2,4-D. The percentages were 
transformed by means of the arcsin-Vpercentage transformation (21). 
69 
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Figure 26. Means for fruit losses between times of treatment and first 
harvest (greenhouse) 
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Weighted averages were then computed for treatment units of two fruiting 
plants for analysis of variance (Table 4). Column differences (Figure 27) 
Table 4. Analysis of variance and test of treatment differences for per-
centages of ripe fruit at first harvest (greenhouse) 
Source of Degrees of Sums of Mean 
variation freedom squares squares F 
Blocks 4 693.62 173.41 
Treatments 8 27,355.35 3419.42 40.95* 
Error J1. 2 ,671. 90 83.50 
Total 44 30,720.87 
*Significant difference at the 5% probability level. 
Duncan's Multiple Range Test treatment means: 
(3,4,5) ll 10 l !!. .2. 6 1 2 
14.68 15.62 23.97 27.51 30.36 30.92 31.81 80.03 84.98 
corresponding to significantly different treatment means can be determined 
by inspection of Duncan's Test (Table 4). The large means for unsprayed 
and check plants reflect normal ripening, with all or nearly all berries 
on each plant ripe at about the same time. Figure 27 contrasts normal 
ripening with that of the 2,4-D treatments, especially the herbicide alone 
and with FeDTPA where only a few berries were ripe at first harvest. The 
histogram is based on the untransformed data. 
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Figure 27 . Means for percentages of ripe fruit at first harvest (green -
house) 
72 
in Table 5 and in Figure 28. Figures 11, 14 and 28 when viewed together 
show the steady decline of plant condition due to 2,4-D alone and with 
FeDTPA while other 2,4-D treatments (with iron) remained the same except 
FeEDTA, where a slight dip (Figure 14) increased into September (Figure 28) 
when one plant died. 
Table 5. Analysis of variance and test of treatment differences for rat-
ings of extent of freedom from 2,4-D injury, September 12 (green-
house 
Source of Degrees of Sums of Mean 
variation freedom squares squares 
Blocks 4 8.08 2. 02 
Treatments 8 167.65 20.95 
Error 32 48.57 1.52 
Total 44 224.30 
*Significant difference at the 5% probability level. 
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13.78* 
Leaves were browning and falling from some plants by October 20 which 
approximated the beginning of the transition to dormancy. With the ex-
ception of necrosis of shoot extremities most plants entered dormancy in 
good condition. 
Tomato plants and yellowing leaves and unripe fruit of grape can be 
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Figure 28. Means for ratings of extent of freedom from 2,4-D inj ury , 












Figure 29. Yellowing leaves and unripe fruit of grape in bench, with 
tomato plants (October 13, 115 to 122 days after treatment) 
Figure 30. Indicator tomato plant free of 2,4-D symptoms (October 13) 
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tomato plants used as biological indicators produced new growth after trans-
fer to larger pots but no 2,4-D symptoms appeared at any time. Hence its 
level in the ambient air must have been very low. Figure 30 shows one of 
the plants on October 13. 
Unsprayed and check plants likewise remained free of symptoms. The 
exception (Figure 16) had experienced complete necrosis of shoots but pro-
duced a fresh green 6-inch sprout. Of the 30 plants treated with 2,4-D 
alone nine died completely (30%), five had one dead shoot (16.6%) and 16 
remained in fair to good condition into dormancy (53.3%). Three of the 
ten plants exposed to 2,4-D with FeDTPA died entirely (30%). One had one 
dead shoot (10%) and six remained in fair condition (60%). Of the 50 
plants receiving other iron additives only one (FeEDTA-treated) died (2%). 
The other 49 remained in good condition (98%). 
Twenty-three plants receiving the herbicide alone bore fruit. All 
berries were sound (October 20) on 12 of these (52.5%) and all withered 
on nine (39.1%). Some good and some deteriorated were present on two 
(8.7%). Fruit was borne by six of the FeDTPA-treated plants. It was in 
good condition on two (33.3%) and withered on two while an equal number had 
some of each. Samples of deteriorated fruit (Figure 31) were collected in 
October from dead and dying plants. Some sound berries persisted in all of 
these treatments especially FeEDTA (Treatment 9) where substantial loss 
occurred from only one plant, which died. Fruit on the other 41 bearing 
plants sprayed with FeS04 , FeEDTA and FeEDDHA remained in good turgid con-
dition (97.6%) up to this time. Some berries withered on plants which 
otherwise were in good condition, primarily those exposed to 2,4-D alone 
and with FeDTPA until approach of dormancy when it became general, 
77 
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Figure 31. Deteriorated fruit from plants exposed to 2,4-D alone (3,4,5) 
and with FeEDTA (9) or FeDTPA (11) (October 13, 115 to 122 
days after treatment) 
78 
occurring in all 2,4-D treatments. 
Shoot lengths killed by treatments were the distances the shoots died 
back from the tips at their heights when sprayed. They do not include any 
increase in length due to growth after treatment. The nearly imperceptible 
growth at the time of spraying was further suppressed by the herbicide so 
that error, if any, due to subsequent growth would be negligible. Treat-
ments 1 and 2 were omitted from the analysis of variance (Table 6). 
Table 6. Analysis of variance and test of treatment differences for shoot 
lengths killed by treatments (greenhouse) 
Source of Degrees of Sums of Mean 
variation freedom squares squares F 
Blocks 4 l.87.37 46.84 
Treatments 6 826.70 137.78 10.05* 
Error 24 329 .13 13. 71 
Total 34 1343.20 
*Significant difference at the 5% probability level. 
Duncan's Multiple Range Test treatment means: 
.§. 7 10 8 .2. 11 (3,4,5) 
6.58 6.86 8.36 8.56 11.34 16.33 20.36 
The findings of significance or nonsignificance of differences between 
treatment means are identical to those for the third set of ratings (Table 
5). This agreement tends to corroborate the ratings and is due to the 
mutual involvement of affected shoot lengths. The histograms, Figures 28 
79 
and 32, also agree fairly well, i.e., a small mean for ratings corresponds 
to a large mean for shoot lengths killed. Some incongruity is in order 
since the ratings were influenced by cupping and rolling of leaves, droop-
ing of petioles and premature yellowing, i.e., by the foliar condition of 
the entire plant and not solely by affected shoot lengths. 
By November 17 the plants were essentially dormant (Figure 33). Only 
scattered traces of chl orophyll remai ned in the leaves, most of which had 
fallen. Prior to dormancy the loss of fruit occurred primarily as wither-
ing of berries or clusters as if deprived of water. Darkening and necrosis 
of cluster stalks became connnon subsequently in all 2,4-D treatments, 
nevertheless a few to many unripe berries persisted in sound turgid condi-
tion (Figure 34) with or without additives long after dormancy. Necrosis 
of clusters, withering of berries and slow ripening continued through 
December to January 17 when harvest was completed and the experiment ter-
minated. 
The number of days from first to final harvest with the day of first 
harvest included was det ermined for each bearing plant as its rate (II) of 
ripening for this period. For a gi ven plant the rate was a function of 
amount of fruit borne, t he extent of berry and cluster deterioration and 
actual ripening rate. Since berries were approximately equalized among the 
treatments the amount of fruit on a plant was disregarded. The rate was 
then taken as a composi t e of actual ripening rate and extent of deteriora-
tion. Zero means (Figure 35) for unsprayed and check plants signify a 
single harvest. The relatively rapid rates associated with 2,4-D alone and 
with FeDTPA as compared with some iron additives are probably due to great-
er deterioration. This was a period of increasing fruit loss in all 2,4-D 
80 
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Figure 32. Means for shoot lengths killed by treatments (greenhouse) 
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Figure 33. Unripe fruit on plants entering dormancy (November 17, 150 to 
157 days after treatment) 
Figure 34. Unripe fruit on dormant 2,4-D- and FeEDDHA-treated plant 
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treatments, however. The slow average rate for 100 ppm Feso4 as compared 
with higher levels of FeS04, FeEDTA and FeEDDHA was presumably due to 
actual slow ripening accompanied by somewhat less deterioration; the dif-
ference was not detected visually. 
Like Rate II, time of final h&rvest was a function of fruit deteriora-
tion as well as of actual ripening rate. Treatment means (Figure 36) show 
that final harvests averaged late in all 2,4-D treatments but in two levels. 
There appears to be no way to distinguish the effect of deterioration from 
ripening rate. The ear l ier final harvests associated with higher levels 
of FeS04 and with FeEDDHA are more likely due to somewhat more rapid ripen-
ing than to greater fru i t loss. The difference was not discerned visually. 
Ripening in plants exposed to 2,4-D alone and with FeDTPA was so slow that 
its effect in delaying final harvest could not be offset by the heavy fruit 
l oss. This applies also to the herbicide with 100 ppm Feso4 and with FeEDTA 
but to a lesser degree because of a smaller fruit loss more comparable to 
2,4-D with higher rates of FeS04 and with FeEDDHA. 
The rate (III) of ripening from initiation of ripening to final har-
vest is the sum of Rates I and II. Thus the histogram, Figure 37, is the 
sum of Figures 24 and 35. Each of the means and columns, (3, 4, 5) to 11, 
represents a particular combination of fruit deterioration and slow ripen-
ing which determines the average earliness or lateness of the final harvest, 
with deterioration acting to hasten it and slow ripening having the oppo-
site effect. 
The yield value for each 2,4-D-treated plant was the sum in grams of 
successive partial harvests of ripe berries. Some large differences among 
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Figure 37. Means for rates (III) of ripening from initiation of ripening 
to final harvest (greenhouse) 
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Table 7. Analysis of variance and test of treatment differences for yields 
of ripe grapes (greenhouse) 
Source of Degrees of Sums of Mean 
variation freedom squares squares F 
Blocks 4 3 ,302 .48 825.62 
Treatments 8 35,072.67 4,384.08 
Error 32 26.566.71 830.21 
Total 44 64' 941.86 
*Significant difference at the 5% probability level. 
Duncan's Multiple Range Test treatment means: 
(3.4,5) 11 2. 8 l 10 6 1 1 
20.52 29.62 32.36 43.84 46.12 47.52 55.9 86.98 113.52 
error term, is a conunon characteristic of plant behavior in 2,4-D studies. 
Yields of unsprayed and spreader-sticker check plants were high (Figure 
38) because loss of fruit prior to harvest was slight and ripening was 
normal, permitting a single early harvest. Heavy loss of fruit resulted 
from 2,4-D alone and with FeDTPA before dormancy and from all herbicide 
treatments thereafter in association with failure to ripen. 
Soluble solids (sugar) content of juice samples varied from 15.4 to 
20.1%. Treatment 11 was omitted from the analysis of variance (Table 8) 
because of fruit loss. Figure 39, which includes Treatment 11, shows the 
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Figur<• 39. Means for percentages of soluble solids of grape juic e (green-
house) 
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Table 8. Analysis of variance for percentages of soluble solids of grape 
juice (greenhouse) 
Source of Degrees of Sums of Mean 
variation freedom squares squares F 
Blocks 4 1.46 0.365 
Treatments 7 7 .19 1.027 1.01 
Error 28 28.32 1.0ll 
Total 39 36.97 
Thirty-!li2,-hour sequential experiment 
The plant exposed to 100 ppm 2,4-D followed by 2000 ppm Feso4 (Treat-
ment 3) developed one strong shoot, reaching a length of 37 inches at the 
time of treatment. This was the maximum length in the experiment. Its 
growth apparently suppressed a second shoot which never exceeded two 
inches. Most of it (26 inches) was killed by the herbicide (Figure 40). 
The plant was severely injured by 2,4-D before application of the additive, 
which was unable to reverse any of the herbicidal effect but may have pro-
tected the part that remained alive. The plant receiving FeS04 followed by 
2,4-D (Treatment 4) was comparable in having a strong shoot of 31 inches 
and a weak one only five inches in lertgth. But a much shorter length (14 
inches) was killed, i.e., Treatment 4 was distinctly superior to Treatment 
3 in preserving the normal appearance and condition of the plant. In cases 
where such short growths occurred the plants were regarded as having only 
one shoot. For simultaneous application (Treatment 2) and the herbicide 
alone (Treatment 5) there were two shoots per plant with lengths of 21 to 
27 inches. Treatment 2 was much better than 3 but less satisfactory than 
91 
Figure 40. Responses to sequential sprays of 2,4-D and Feso4 at 32-hour 
intervals (July 8, 25 days after treatment) 
Figure 41. Plant killed by 2,4-D without additive 
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4, i.e., ferrous sulfate showed most protective effect when applied before 
2,4-D and least when applied after. The plant exposed to the herbicide 
alone died within three to four weeks (Figure 41). None of the iron-sprayed 
plants were killed but their young clusters atrophied. 
Twenty-four-hour sequential experiment 
The usual leaf cupping and rolling, and epinasty of shoot tips fol-
lowed spraying. The plants were rated for general condition September 12 
on a scale of 0 to 10. The results are sunnnarized in the histogram, Figure 
42. In Block V there were six plants receiving 2,4-D alone of which three 
died. Their ratings were averaged to obtain the mean for Treatment 5. 
None of the iron-treated plants died. According to the means for ratings 
the plant response to simultaneous application of 2,4-D and Feso4 (Treat-
ment 2) was only slightly better than when the additive followed the herbi-
cide (Treatment 3) or preceded it (Treatment 4), which did not differ, but 
injury was more extensive where ferrous sulfate was not used. The fruit 
on the three bearing plants was killed (Figure 43). The young berries are 
very sensitive to sudden physiological disorders. 
Field Studies 
Concentric circles ~ of ferrous sulfate and chelates 
Times of initiation of ripening, yields, percentages of green fruit 
at harvest and soluble solids, and distances of plants from the experi-
mental source were tabulated by sector in Table 9. 
The table is partitioned by lines corresponding to sector lines (radii) 
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Figure 42. Means for ratings of extent of freedom from 2,4-D injury, 
September 12 (greenhouse, 24-hour sequential experiment) 
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Fi gure 43 . Young berries killed about three weeks a f t er trea tment with 
2,4-D (November 17, 150 days a fter treatment) 
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Figure 44. Layout of experimental area and division into sectors (Figure 
8 is repeated here for convenient reference in conjunction 
with Table 9) 
Legend: () -- experimental plants 
f> -- unused plants 
I, II, III, IV -- concentric blocks 
1 to 7 -- treatments: 
1) unsprayed (check) 
2) 1000 ppm FeS04 
3) 2000 ppm Feso4 
4) 4000 ppm FeS04 
5) 2000 ppm FeEDTA 
6) 1000 ppm FeEDDHA 
7) 2000 ppm FeDTPA 
1 and 2 (subscripts) first and second plants of 
same treatment in a block 





Table 9. Responses of grapevines to additives and 2,4-D by sector and 
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108 8 
116 9 

























Percent of Percent 









-- -- -- ~ -- -- -- -- -- --
3165.8 12.39 14.4 
3220.8 2.18 14 .o 
3822.7 4.93 13.3 
2918.5 18. 71 15.2 
-- -- -- -- -- -- -- -- --
4227.3 4 .15 13 .5 
3099 .6 7.45 13.5 
3350.1 5.46 14.4 
770.5 13.73 14. 9 
5685.9 6.36 13.2 
aI, II, III, IV -- concentric blocks 
1 to 7 -- treatments: 1) unsprayed (check) 4) 4000 ppm Feso4 
2) ·1000 ppm FeS04 5) 2000 ppm FeEDTA 
3) 2000 ppm FeS04 6) 1000 ppm FeEDDHA 
7) 2000 ppm FeDTPA 
1 and 2 (subscripts) -- first and second plants of the same treatment in a 
block 
, or 1' -- borderline plants. 
b Days from August 22. 
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Table 9. (Continued) 
Plant Distance Initiation 
identitya (feet) of ripeningb 
Yield 
(grams) 
142 148 10 1349.2 
III42 108 4 2500.1 
g) -- -- -- -- -- -- -- -- --
IV62 100 7 4490.2 
II32 124 8 3606.6 
172 148 7 1234 . 9 
h) -- -- -- -- -- --
122 140 7 4052.3 
III52~ 108 4 3294.1 
IV72~ 100 4 6665.2 
II62 116 5 7417.5 
IV32 92 9 5438.5 
11121 132 8 4325.3 
i) -- -- -- -- -- -- --
162 148 8 2905. 7 
IVl2 100 10 3480.9 
II52 132 7 5282.6 
III32~ 108 8 4114 .1 
IV52 92 4 8118.9 
II42 116 4 4074.4 
I12 140 1 1078.3 
j) -- -- -- -- --
II72~ 124 8 5428.6 
121 148 13 3435.9 
k) -- -- -- -- -- --
II21 124 11 953.9 
III11 116 13 2006. 7 
IV41~ 100 4 1933.5 
Percent of Percent 
green fruit soluble solids 
8.82 14 .1 
0.76 15.4 
-- -- --
5. 77 13.9 
2.63 14.6 
6.07 14 .3 
-- -- --








0.62 14 .5 




0.90 14. 2 
-- -- --
1.20 14.5 






Table 9. (Continued) 
Plant Distance Initiation Yield Percent of Percent 
identitya (feet) of ripeningb (grams) green fruit soluble solids 
141 140 11 1492.2 3.81 13.4 
1) -- -- -- -- -- -- -- -- --
11161 108 10 2040. 7 5.03 14.3 
III71 116 13 2514. 0 12.10 14.4 
m) -- -- -- -- -- -- -- -- -- -- --
IV7 1~ 92 9 3628.4 0.94 15.3 
151 140 10 1942.8 5.87 14. 7 
IV21I 100 7 4538.1 0.63 13.7 
III31 108 10 4055. 7 13.48 14.1 
1122 124 12 3177.2 16.50 14. 0 
n) -- -- -- -- -- -- _,. -- -- -- -- -- -- --
nn2 116 11 1689.4 1.01 15 .3 
o) -- -- -- -- -- -- -- -- -- -- --
III51 108 12 2308.4 15.00 14.9 
131; 140 4 2164.7 24.30 13.4 
IV6 1 92 4 4894.4 2.29 14.0 
p) -- -- -- -- -- -- --
s) -- -- -- -- -- --
I61 140 5 2622.9 1.32 13.9 
I.141, 124 5 4467.4 0.54 14.5 
III41f 108 8 5665.5 1.99 14.1 
IV22 92 7 1262.3 1.48 13.6 
t) -- -- -- -- -- -- -- -- --
II51 132 7 2150.0 2.14 14.5 
IV42, 100 5 2229.l 2.64 13.4 
u) -- -- -- -- -- -- -- -- -- -- -- --
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single and double lower case letters. Sector a, for example, is the one 
bisected or partitioned by the dash line a and Sector ef is bounded by dash 
lines e and f. The line innnediately below the table headings is not a 
sector line. The data (responses) are tabulated clockwise beginning with 
Sector a. It will be noted that so~e vines are on or touching sector lines. 
In the table these are identified by arrows pointing to the lines they 
touch. Borderline plants were compared in sectors on both sides of the 
line. 
According to the experiences of growers, yield and percent soluble 
solids should decline while the percentage of green fruit at harvest in-
creases and ripening becomes later as distance from the source of the herbi-
cide decreases, unless these responses can be altered by additives. The 
maximum difference in distance of any two plants from the experimental 
source was 56 feet. 
For each comparison (condensed) and type of response a zero or a 
treatment number is given in Table 10. A zero signifies no difference in 
a given comparison, while a treatment number identifies a superior treat-
ment. The numbers appear alone (n), with one asterisk (n*) and with two 
(n**). These are difference levels signifying small, substantial and large 
treatment differences, respectively. Precision in establishing a differ-
ence in a given condensed comparison was necessarily limited by the number 
of possible comparisons (replications) of the two treatments involved. 
Only one combination of Treatments 3 and 4 was available (Sector j), three 
of 4 and 7, and four of 2 and 3. For all other treatment pairs there were 
five or more combinations up to 13 (1 vs 3). There is no implication that 




1 vs 2 
1 vs 3 
1 vs 4 
1 vs 5 
1 vs 6 
1 vs 7 
2 vs 3 
2 vs 4 
2 vs 5 
2 VS 6 
2 vs 7 
3 vs 4 
3 vs 5 
3 vs 6 
3 VS 7 
4 vs 5 
4 vs 6 
4 vs 7 
5 VS 6 
5 vs 7 
6 vs 7 
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Condensed comparisons and superior treatments with difference 
levels for various responses (circles) 
Initiation Percent of 























1 to 7 
l* to 7* 






















no treatment difference 
slightly superior treatments 
substantially superior treatments 
-- very superior treatments 
1) unsprayed (check) 
2) 1000 ppm FeS04 
3) 2000 ppm FeS04 
4) 4000 ppm FeS04 
5) 2000 ppm FeEDTA 
6) 1000 ppm FeEDDHA 

























The frequency with which each treatment was accorded each difference 
level (n, n* and n**) was determined for the various responses. One, 
three and five points, respectively, were awarded for every n, n* and n**· 
Scores were computed and the treatments ranked accordingly in order of de-






earliness of ripening: 
yield: 
percent green at harvest: 
percent soluble solids: 
all responses: 
4--5-6---7------1,2,3, 




The lines separating treatment numpers are proportional to the differences 
among their scores. 
The composite rankings for all data show an advantage of ferrous sul-
fate at the intermediate and high rates over chelates. It appears that 
the chelates are negative for all responses, ranking below the check plants. 
All additive sprays caused "burning" of foliage. Check plants were un-
affected and injury caused by the lowest level of Feso4 (Treatment 2) was 
minor. The effect was more severe in the remaining treatments although it 
was less pronounced in Treatment 6, presumably due to the lower level of 
FeEDDHA used. The effect varied widely within treatments. Where injury 
was more extensive large areas of leaf tissue were browned, blackened and 
killed. Some leaves ~ere skeletonized and almost completely destroyed. 
Leaf specimens from all treatments are displayed in Figure 45. 
Ripening of fruit was quite uneven but much less so than in the green-
house and the extreme slowness did not occur. The rankings for ripening 
suggest that the low and intermediate levels of ferrous sulfate did not 
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Figure 45. Leaf specimens showing "burning" apparently due to additive 
solutions (August 2, 32 to 34 days after treatment) 
Figure 46. Harvest from a representative vine separated into ripe and 
green portions (September 29) 
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influence earliness, being ranked with the checks. Pigmentation of the 
berries was normal. Harvest began September 16 and was completed October 4. 
Not much information could be obtained pertaining to the influence of 
additives on yields. Of the responses measured, yields were least likely 
to be measurably affected by additives. The experimental plants varied 
widely in size, vigor and quantity of fruit set due to years of exposure 
to ambient herbicides and other conditions. This variation in turn re-
sulted in variability of yields to a much greater degree than of the other 
responses, and sufficient that it could not be altered appreciably by addi-
tives since this would require the reversal of effects of long exposure to 
herbicides. Furthermore the randomization did not distribute the treat-
ments equitably. FeS04 at 4000 ppm (Treatment 4) was either first or 
second in rankings for all responses except yields. The randomization re-
sulted in application of Treatment 4 to a disproportionate number of low-
producing vines (Sectors g, kl and tu). This is less applicable to 
FeEDDHA at 1000 ppm (Treatment 6), also at the bottom of the yield rankings. 
However, when relating rankings to the data of Table 9 it should be re-
membered that distances and responses must be evaluated together, not 
responses alone. Some vines were low-producing due to lack of vigor; a 
few were more vegetative than fruitful. 
Figure 46 shows the harvested crop of a vine separated into ripe and 
unripe portions for weighing and calculation of the percentage of green 
fruit. These varied from 0.5 to 30%. According to the rankings all addi-
tives were negative in effects as compared with check plants. 
Soluble solids percentages were low, mostly below the minimum standard 
(15%) required for wine-making. This is primarily due to long exposure to 
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ambient herbicides. The berries were approaching mature size when the addi-
tives were applied. It may be that the composition of the fruit was already 
irrevocably established by that time. The measurements varied from 12.9 to 
15.5%. In percentage data differences as small as 0.1% were disregarded. 
Most of the differences in respons~s were small, nevertheless a real differ-
ence was recognized if, for example, the closer vine manifested a higher 
percentage. The rankings favor ferrous sulfate over chelates for apparent 
protective effect. 
Additional soluble solids measurements were taken from 66 of the un-
treated vines in the inner nine circles. These were not a part of the ex-
periment and were based on smaller samples, usually three berries. Un-
expectedly, many of the values covered the same range (12.9 to 15.5% sugar) 
as those from iron-treated plants and as many others were higher (15 . 6 to 
18.2%), notwithstanding the fact that the plants were nearer the experimen-
tal source and showed more severe effects from past years. None were 
below 12.9%. The highest value (18.2%) was in the second circle from the 
source. No decrease occurred in the proportion of higher values as the 
source was approached. Measurements were taken also from 25 additional un-
treated vines in the outer eight circles. Almost half were the same as 
those of iron-treated plants and a nearly equal number of values were 
higher (15.6 to 17.6%). Only two were lower (12.8%). 
The effects of 2,4-D were not those of the 1967 season alone but were 
cumulative since 1962, the year of planting. Certain observations strongly 
suggested that direction effects in 1966 and 1967 were very small. Grape-
vines in the central northeast quadrant (Figure 44) were most severely 
affected as a result of the prevailing southwest wind of earlier years and 
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were not used. The experimental source of the herbicide was renewed only 
once every two weeks. Redbud, a very sensitive species, remained free of 
symptoms up to July 8 as close as the fifth circle from the source. The 
tomato plants set in mid-July grew vigorously until late sunnner but no 
symptoms of 2,4-D injury appeared at any time. Evidently then, the amount 
of experimental 2,4-D reaching grapevines at the distances involved over a 
period of six weeks was too small to produce symptoms in tomato plants, 
notwithstanding the sensitivity of their actively-growing foliage. This was 
true regardless of direction. Furthermore plants in the innermost (eighth) 
circle were as free of symptoms as those in the outermost one, a fact 
which diminishes the importance of differences. in distance for 1967. 
Although injured, shoots were commonly found producing normal laterals 
(Figure 47). Normal leaves can be contrasted with the deformed ones at the 
upper edge of the cloth. The laterals occurred most connnonly on shoots of 
vigorous vines in Sectors e to j. Experimental 2,4-D was released until 
early September. The fact that the laterals remained uninjured is further 
evidence that the amount of experimental herbicide reaching the treated 
grapevines was too small to cause appreciable direction effects in 1967. 
Some of these laterals were observed in anthesis August 5. Second-set 
clusters were produced (Figure 48). They were not included in yield data 
but their collective weight was 723 g. It has been reported (17) that 
second-set clusters were an effect of 2,4-D sprays. Measurements of tagged 
shoot extremities at the end of the season indicated that the sudden severe 
injury caused by local use of 2,4-D did not prevent one-half to eight 
inches of growth. 
A total of 716 comparisons were made of which 12% were between vines 
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Fi gure 47. Shoot lateral free of 2,4-D symptoms i n seventh circle, eas t 
o f source ( September 29) 
Figure 48. Second-set clust er on shoot lateral (September 29) 
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of the same treatment and 88i'o were of different treatments. Listed below 
are some of the relationships shown in Table 9 between compared plants: 
1) same distance with differe~t responses, 
2) same response at different distances, 
3) both distances and responses different with the 
(a) closer vine showing later ripening, smaller yield, larger 
percent green or lower percent soluble solids, or the 
(b) closer vine manifesting response(s) the converse of (a) above. 
The occurrence of conflicting responses shown above under No. 3 seems 
worthy of further analysis. A plant might have, for example, a lower yield 
but earlier initiation of rip~ning than one farther from the source of 
2,4-D. The first relationship under No. 3 (3a) was found in 40% of compari-
sons between different treatments and the second (3b) in 50%. In compari-
sons of vines of the same treatment (except checks) their respective 
frequencies were 40 and 55%, and in those of check plants they were 31 and 
56%. These comparisons show little or no relation of plant responses to 
distance from the experimental source of 2,4-D. 
The responses often varied in a manner such that they appeared also 
to be unrelated to direction or additive treatments. It seems likely that 
they were largely predetermined by cumulative effects of the herbicide and 
were influenced only secondarily by additives. It is suggested that the 
puzzling and unexpected manner of variation is characteristic of the action 
of this auxin on grape. This phenomenon was observed earlier (Figures 1 
and 17) and attributed to variable biological activity of 2,4-D in conjunc-
tion with physiological differences within the plants. Even if plants are 
only two feet apart (3) or are known to receive the same dosage (Figure 17) 
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effects need not be the same. 
Vineyard ~ of f errous sulfate 
Initiation of ripening extended from August 22 to September 6. The 
treatment means (Figure 49) diverged as equally as possible into those 
showing average times of initiation of ripening earlier and later than the 
check plants. One, two and three applications as well as all concentra-
tions are found on both sides. Means for treatments of one application 
show average ripening latest, earliest and intermediate at 1000, 2000 and 
4000 ppm, respectively, in relation to treatments of two and three applica-
tions. Peculiarly, such a variety of relationships exists also for treat-
ments of two applications and for those of three applications. Usually, 
i.e., in two treatments out of three, 1000 and 4000 ppm were associated 
with average ripening later than the checks, whereas 2000 ppm more often 
accompanied earlier ripening. Similarly one and two applications were more 
often associated with later ripening while three applications usually 
accompanied earlier average ripening than the checks. A distinct earliness 
advantage is indicated for three applications of 1000 ppm and for one of 
2000 ppm Feso4 • 
Harvest began September 15 and was completed October 6. The per-
centages of green grapes varied from 0.5 to 13%. For the analysis of vari-
ance (Table 11) percentages of ripe fruit were preferred. Figure 50 shows 
the small nonsignificant treatment differences. 
Again the effects of additives on yields were obscured by plant vari-
ability arising from causes noted in the earlier field study. Large treat-
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Figure 49. Means for times of initiation of ripening in days from August 
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Table 11. Analysis of variance for percentages of ripe fruit at harvest 
(vineyard) 
Source of Degrees of Sums of Mean 
variation freedom squares squares F 
Blocks 2 24.92 12.46 
Treatments 9 74. 76 8.30 0.78 
Error 18 1§7.14 10.39 
Total 29 286.82 
Table 12. Analysis of variance for yields (vineyard) 
Source of Degrees of Sums of Mean 
variation freedom squares squares F 
Blocks 2 106 ) 4 7 6 ) 411. 5 9 53,238,205.79 
Treatments 9 14,574,654.03 1,619,406.00 1.50 
Error 18 19,374,378.84 1,076,354.38 
Total 29 140,425 ,444 .46 
treatment means diverged into those signifying positive and negative aver-
age effects when compared with checks. The histogram shows that with one 
exception all concentrations and levels of applications occurred on both 
sides. No treatment of two applications was associated with yields averag-
ing below those of check plants. Yields declined with increasing applica-
tions at 1000 ppm; at the higher concentrations they increased. Average 
yields associated with two applications were intermediate at all levels of 
the additive. One application of 2000 ppm (Treatment 7) was distinguished 
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by the lowest yield as well as by comparatively early initiation of ripen-
ing. 
Only 15 of the 36 grapevines used in the experiment attained or ex-
ceeded the minimum standard soluble solids content (15%) acceptable for 
wine-making. They varied from 13 to 16.5%. The small nonsignificant treat-
ment differences (Table 13) can be seen in Figure 52. The one, two and 
three applications of Treatments 10, 11 and 12 apparently had no effect; 
the means differed neither among themselves nor with the checks. 
Table 13. Analysis of variance for percentages of soluble solids of grape 
juice (vineyard) 
Source of Degrees of Sums of Mean 
variation freedom squares squares F 
Blocks 2 1.98 0.99 
Treatments 9 5.68 0.63 0.60 
Error 18 18.90 1.05 
Total 29 26.56 
Despite efforts to select uniform plants there was considerable varia-
tion within blocks as evidenced by the consistently large experimental 
error in all analyses of variance. In fact the large error term is a 
component of variance derived directly from variation within blocks and it 
in turn leads to nonsignificance even though large differences may exist. 
Given sufficiently wide variability the analysis of variance could fail to 
show treatment differences even when they occur. For the percentages of 
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significance, independently of error. Treatment differences for yields 
were much greater. This fact supports the hypothesis that herbicidal con-
tamination and other conditions caused variation in size and vigor of the 
vines, leading to greater variation in yields than in other measured 
responses due to the close interdependence of vigor, size, fruit set and 
yield. 
Negativity of apparent treatment effects, shown in the circles as 
rankings below the check treatment, also occurred here and is signified by 
treatment means above that of checks (Figure 49) or below (Figures 50, 51 
and 52). This again is evidence that something other than additives, 
assumed to be ambient herbicides, had a dominant influence upon responses. 
Furthermore it seems certain that the browning, blackening and necrosis of 
leaf tissue, apparently caused by ferrous sulfate solutions, affected plant 
responses adversely to some degree. Leaf specimens from all treatments 
are displayed in Figure 53. Check plants of course were unaffected. Those 
receiving a single spray at 1000 ppm (Treatment 4) were only slightly 
"burned." The remaining vines could be divided arbitrarily with Treatments 
9 to 12 as a group showing somewhat more injury than Treatments 5 to 8. 
There was little apparent correspondence of injury with concentrations of 
additive applied. Where differences could be discerned they were apt to 
appear as more or fewer leaves affected rather than as differences in in-
dividual leaves. Most of the additive injury resulted from the first ap-
plication. This description was derived from notes taken at the time of 
the third application on July 28. 
The tomato plants set July 11 remained entirely free of 2,4-D symptoms 
(Figure 54). They were set inunediately following the sudden injury 
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Figure 53. Leaf specimens showing "burning" apparently due to FeS04 
solutions (August 2, 27. days after treatment) 
Figure 54. Indicator tomato plant free of 2,4-D symptoms (September 29) 
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illustrated in Figure 10. In the absence of an experimental source of 
2,4-D it was assumed that exposure of all grapevines to ambient herbicides 
was the same. The tomato plants showed that the level of contaminant must 
have been quite low after July 11 for the 1967 season. 
Lateral growths from shoots were very short and stunted; second-set 
clusters did not develop because of low vigor. The tagged shoot ends were 
able to grow one-eighth to eight inches after mid-July notwithstanding 
their contorted condition. 
Ferrous sulfate and 2,4-D mixed 
Check plants remained unchanged, showing no 2,4-D symptoms and in-
dicating little or no increase in ambient herbicides after spraying. Lat-
erals receiving the additive alone were not affected visibly but resembled 
the checks. Three or four leaves were present on most laterals used. 
Where treatments containing 2,4-D caused injury this was manifested as 
necrosis of the terminal leaf. Other leaves appeared unaffected. The ter-
minal leaf of laterals sprayed with the herbicide alone was killed in 
every case. The combined solution caused necrosis of this leaf in some 
laterals but on others it was uninjured. Where killed, the leaf appeared 
younger and smaller than those killed by the herbicide when it was used 
alone. This suggests that the potency of the 2,4-D was slightly reduced, 
perhaps by chemical r eaction with t he additive or by some other chemical 
or physical phenomenon, enabling terminal leaves of some laterals to sur-
vive where they probably would have been killed by 2,4-D alone. Conclu-
sions more definite than this cannot be supported because of the small 
amount of plant material used. This is similar to the results obtained by 
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Wort (32) and Sexsmith (18). Possibly the iron slightly inhibited penetr a -




A major limitation on the use of additives for protection against 
2,4-D appears to lie in its nature as an auxin. A consistent response is 
difficult to attain, especially with such a sensitive species as Concord 
grape, because of variable activity of the auxin (11) coupled with the cer-
tainty of different chemical composition (12) and metabolism of the plants. 
Huffaker et al. (8) wrote that cellular metabolism of plants shows varied 
responses to 2,4 -D. Yearly environmental variations may cause changes in 
the responses of plants to a given concentration of the auxin and are 
likely to change the rates of additives needed for protection (7). Further-
more plants vary and are limited in their capacity to absorb foliarly 
applied substances (11). It has been reported (6) that FeEDDHA was able to 
increase or decrease the toxicity of 2,4-D to snapbeans, depending upon the 
concentration of the auxin. Whether additives can increase its toxicity 
to grape under certain conditions is not known but their negative apparent 
effects in some cases suggest it. 
Questions remain concerning the nature and cause of the foliar necrosis 
noted in the field. Leaf injury attributed to ferrous sulfate was observed 
in tests on soybeans (1963) and grape (1964) at this institution. Further 
instances of injury caused by additives including iron compounds have been 
reported (6, 24). The phytotoxicity of iron chelates has been affirmed by 
the rnanufacturer 1 and by Wallace (26). 
Most of the foliar necrosis in the vineyard followed the first 
1navid, J. H., Geigy Agricultural Chemicals, Ardsley, New York. Data 
on properties of chelates. Private conununication. 1968. 
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application which in reality consisted of only three treatments -- 1000, 
2000 and 4000 ppm FeS04. Contrary to what might be expected, the injury 
was not proportional to the concentrations of additive applied. There is 
no assurance that the ferrous sulfate was absorbed or metabolized at the 
same relative rates. A similar phenomenon was observed in the preliminary 
2,4-D tests where it was seen that this can occur even when plants are much 
alike. 
Foliar damage of this nature did not occur in the greenhouse although 
the same additives and some of the same concentrations were used. It seems 
relevant and noteworthy that many leaves free of additive injury could be 
~in close proximity to severely "burned" leaves on the same vines in 
the field. Environmental conditions, culture, plant material and experi-
mental methods varied greatly from greenhouse to field. It seems certain 
that these variables were sufficient to account for the different foliar 
effects of the additive solutions. 
Ripening abnormalities observed were ~ateness, slowness and unevenness 
especially in the greenhouse, failure to develop blue-black color in the 
greenhouse, and low soluble solids in the fiel~ It has been noted that 
some abnormalities were much more pronounced in the greenhouse or were 
present there but lacking in the field. The differences may be attributed 
in part to the method of exposure to 2,4-D, formulation, concentrations and 
duration of exposure. In the greenhouse 100 ppm acid equivalent of a 
dimethylamine formulation was applied all at once in aqueous solution as a 
spray. In the field volatile forms, primarily butyl ester, were applied 
continuously for two to three months, repeated over five to eight years as 
vaporous constituents of the air. Concentrations were much lower, probably 
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1. ppb or luss. The resulting foli4r symptoms arc vastly different and fruit 
responses vary widely also. 
In the concentric circles and vineyard, anthesis occurred at the same 
time in all vines. Ripening, therefore, should have been initiated within 
a much shorter period than the 14 and 16 days required in the two studies. 
They were alike at the lower ends of their ranges for percentages of green 
fruit at harvest (0.5%) but the maximum percent green was greater in the 
circles (30%) than in the vineyard (13%), indicating less uniform and per-
haps slower ripening in the former, The heavier dosage of herbicides could 
explain this. Dosage, however, should be offset somewhat by the longer 
(by three years) period of exposure in the vineyard. Although ripening 
here as well as in the circles was uneven within and among grapevines the 
sharp contrast with greenhouse ripening was again noted in rate, uniformity 
and pigmentation. The field studies were again alike at the lower limits 
of their soluble solids ranges (13%) and the upper limit in the vineyard 
(16.5%) was only 1% higher than in the circles. The higher soluble solids 
levels in the greenhouse (15.4 to 20.1%) were due in part to the use of new 
uninjured plants in which the additives were better able to act as protec-
tive agents. 
Phenoxy auxins are modifiers of fruit growth and ripening (11). Burg 
and Burg (1) have presented evidence that ethylene is the hormone which 
initiates fruit ripening when its concentration rises to a certain thresh-
old level. They called attention also to the "striking and varied effect" 
of auxin applications on the rate of ethylene synthesis. Such an effect by 
2,4-D may have prevented normal ripening in these experiments. 
The fruit of the Concord grape attains mature size by mid-July in this 
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area but it hangs on the vine for weeks before ripening. This behavior 
suggests a photoperiodic stimulus in late sunnner which may be disrupted by 
2,4-D. However, grapes in the greenhouse initiated ripening on July 17 in 
day lengt hs unable to stimulate field ripening. 
The presence of leaves on the vine or their absence during ripening 
appears t o provide a partial explanation for abnormal pigmentation. In 
the field the time and rate of ripening were sufficiently normal that it 
was essentially completed while the leaves remained alive, green, and 
apparently functional. But in the greenhouse much unripe fruit persisted 
long aft er abscission of the leaves. Pigmentation appeared normal at 
first but became gradually less intense during and after leaf-fall, i.e., 
failure of development of blue-black color appeared to accompany the brown-
ing and falling of leaves. The pigments are anthocyanins requiring sugar 
for their synthesis (11, 15). The poorly colored berries were no lower in 
soluble solids content than normal ones. On the basis of these observa-
tions it is suggested that sugar (soluble solids) from hydrolysis of 
starch is largely unavailable for pigment formation and that functional 
leaves are necessary to supply sugar directly and perhaps other sub-
stances, or to act as receptors of a photoperiodic stimulus. 
Sparks and Larsen (19, 20), working in Michigan where 2,4-D is not a 
serious problem, investigated factors causing variation in soluble solids 
of the Concord grape. They affirmed that these include vigor of growth, 
shading (light intensity), leaf area, foliage density, number of clusters 
per vine, severity of pruning, soil type and cation exchange capacity, and 
vine spacing. Soluble solids values in 1962 and 1963 were quite low, even 
in full sun and with cluster thinning. Many were as low as those found here 
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in the field. Their range in 1962 was 13.5 to 19.0% (field) which compares 
with 15.4 to 20.1% (greenhouse) here in 1967. 
Swanson's study (22) was continued through 1967 and 1968 with the 
usual controlled atmospheres and outdoor plots. In 1967 soluble solids in 
the six houses varied from 15.4 to 18.9%. They were much like those from 
the greenhouse study with additives. Measurements taken in the outdoor 
plots (13.8 and 13.9%) closely resembled those from the circles and vine-
yard where additives were used. The next year half the grapevines in each 
plot were treated three times with ferrous sulfate. Soluble solids values 
from five of the eight plots were lower for iron-treated plants. In both 
years the highest soluble solids contents were unexpectedly found in the 
houses receiving atomized 2,4-D. !hese observations agree with those in 
the circles showing that sugar percentages from numerous untreated vines 
were as high as those from iron-treated plants, or higher. They suggest 
that low sugar levels were due to factors other than 2,4-D, perhaps even to 
the additives. 
Causes of differences in greenhouse and field results have been noted 
and certain ones discussed here and elsewhere in this report, as well as 
sources of variation in yields and in soluble solids. Greenhouse and field 
environments differ in such degree that divergent plant responses are sure 
to result. For example greenhouse conditions generally produce crops of 
better quality than field conditions. In grapes this is reflected in high-
er soluble solids in the greenhouse. During the latter part of sununer the 
house was partially shaded afternoons by a large maple. Soluble solids 
appeared unaffected but shading could have contributed to the late, slow, 
uneven ripening and hence, to variation in percentage of ripe fruit at 
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harvest. If this transpired, then partial shading would also contribute 
to yield variation because late, slow, uneven ripening was accompanied by 
corresponding degrees of fruit deterioration. Such fruit was excluded from 
yields. 
~ If the amount of 2,4-D herbicidal contamination of the air could be 
"' minimized by use of other herbicides and nonvolatile formulations, by regu-
lation, and by careful application so that healthy grapevines could be 
grown, it seems likely that injury could be further diminished by additives. 
But results of these studies show that they cannot offset damage of the ex-
tent caused in recent years. Besides the long exposure to herbicides prior 
to use of additives, the plants in the circles were subjected to abnormally 
high levels of 2,4-D from the addition of an experimental source to the 
usual weed-control sources. In testing additives as antidotes for use in 
vineyards, ideally there should be no experimental source. 
Studies have shown (13, 29, 31) that some crops are protected by addi-
tives applied before, with or after the herbicide. Sensitivity of the 
crop to 2,4-D is a determining factor. For best chances of success with 
grape it is proposed that vines should be initially free of injury and that 
additives be applied several times preceding the 2,4-D exposure, at inter-
vals of about a wee~ In this way the plants should be well fortified with 
iron in advance of weed-control contamination. Additives were effective in 
maintaining good foliar condition in the greenhouse when applied to un-
injured plants. If plants in the vineyard could be treated before they be-
come injured it seems that foliage could be protected similarly and that 
healthy foliage would promote normal development and ripening of fruit. 
While there was some evidence of lessened potency of the 2,4-D when 
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it was mixed with ferrous sulfate, most of its herbicidal action was ob-
viously retained. It was evidently not neutralized appreciably either in 
the solution or in the plant although the additive was present at a much 
higher concentration than the 2,4-D. This suggest s that the protective 
action of FeS04 does not derive from a direct reaction between the two sub-
stances. It does not rule out the possibility that a reaction could be 
catalyzed within the leaves under some conditions. 
Further research, basic and applied, is needed before the full paten-
tial of additives as antidotes can be realized. Elucidation of the bases 
for 2,4-D selectivity should go far to explain the extreme sensitivity of 
some plant species. Efficient use of additives would be advanced by under-
standing of 2,4-D activity in plants, the physiology of iron and modes of 
action of iron compounds as protective agents. Tracer studies using radio-
active forms of both 2,4-D and additives should aid in explaining these 
phenomena. Substances having a more potent action against 2,4-D probably 
will be found. Ozone is known to be one of these; 1 antiauxins may be 
others. A possible disruption by 2,4-D of a photoperiodic role in ripen-
ing should also be investigated. 
1sherwood, C.H., Horticulture Department, Iowa State University, 
Ames, Iowa. Data from air pollution studies. Private conununication. 1968. 
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SUMMARY AND CONCLUSIONS 
Iron additives were tested on the Concord grape under greenhouse and 
field conditions for protective action against 2,4-D herbicides. 
The principal greenhouse experiment was a trial of ferrous sulfate 
(100, 1000 and 2000 ppm) and iron chelates (FeEDTA, FeEDDHA and FeDTPA at 
2000 ppm) applied to two-year-old potted plants. The herbicide (100 ppm) 
was applied first. Shoot ends of all 2,4-D-treated plants were killed. 
FeS04 at all levels, FeEDTA and FeEDDHA were otherwise uniformly effective 
in preserving good foliar condition but ripening of fruit in all 2,4-D 
treatments in contrast with unsprayed and check plants was late,, very slow 
and uneven, and pigmentation was poor with or without additives. Some 
plants exposed to 2,4-D alone and with FeDTPA died while others remained 
in fair to good condition. It was concluded that FeDTPA was ineffective. 
The largest berry losses were caused by the herbicide alone and with FeDTPA 
until dormancy. Thereafter shrivelling and necrosis of unripe berries and 
clusters became general in all 2,4-D treatments. Ferrous sulfate at all 
levels promoted earlier ripening than chelates while the latest ripening 
resulted from 2,4-D alone and with FeEDTA. Its rate was slower with the 
herbicide alone and with FeDTPA. First harvests f rom plants receiving 
2,4-D alone were later than from most iron treatments. Feso4 at all levels 
and FeEDDHA apparently promoted earlier first harvests than FeEDTA or 
FeDTPA. Percentages of ripe fruit at first harvest averaged lowest --
significantly lower than for most iron treatments -- with 2,4-D alone and 
with FeDTPA. No significant differences in yields or soluble solids were 
found among 2,4-D treatments. 
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Two smaller greenhouse experiments were undertaken to test ferrous 
sul fate (2000 ppm) with 2,4-D in sequential applications at 24- and 32-hour 
intervals. The young berries were killed by 100 ppm 2,4-D. Where shoots 
were growing activ e l y the additive gave best protection when applied before 
the herbi cide and least after (32-hour intervals). Older shoots in sup-
pressed growth showed little or no difference in responses to sequential 
treatments but injury in both trials was more severe and included dead 
plants where 2,4-D was used without the additive. All iron-treated plants 
survived. 
In the field FeS04 (1000, 2000 and 4000 ppm), FeEDTA and FeDTPA (2000 
ppm), and FeEDDHA (1000 ppm) were applied to five-year-old grapevines in 
concentric circles around a central source of the high-volatile n-butyl 
ester of 2,4-D. The foliage was not visibly benefited. Fruit responses 
were much more nearly normal than in the greenhouse, independently of 
treatment s. Ferrous sulfate at 4000 ppm ranked either first or second in 
apparent protective effects for a ll measured responses except yields. The 
best yields were associated with FeEDTA, FeDTPA and check plants. For 
earliness of ripening Feso4 (4000 ppm) was followed by FeEDTA, FeEDDHA and 
FeDTPA. Feso4 ranked first and second (2000 and 4000 ppm) for soluble 
solids contents, followed by FeDTPA. In the composite ranking all chelates 
showed negative apparent effects. 
In the vineyard e i ght-year-old vines received the same three levels 
of FeS04 in one, two and three applications (ten-day intervals). No experi-
mental 2,4-D was used. Neither the number of applications nor any concen-
tration could be definitely related to earliness or lateness of ripening. 
Ana lyse s of variance for percentages of ripe fruit at harvest, yields and 
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soluble solids showed no significant differences. Negative effects of 
additives were suggested by some treatment means. 
In the field ripening abnormalities were much less marked but soluble 
so l ids (sugar) c ontents were low. Evidently then, iron additives were un-
able to prevent depression of soluble solids by 2,4-D and other factors. 
In fact they were often higher where additives wer e not used. Under the 
conditions ferrous sulfate was evidently the best additive tested. All 
caused severe foliar "burning" in the field at 2000 ppm or higher. 
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